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Meat... 


and the Problem of 


Senile )steoporosis 


Perhaps under the still-persisting influence of the mistaken “health 
legends” of former days, many older people tend to eat less meat and 
other nutritionally valuable protein foods than they should; thus, the 
osteoporosis that occurs naturally in the aging body may be unduly 
augmented. ' 


A balanced diet supplying optimal amounts of protein is essential, 
and appears to be useful in preventing and in slowing the progress of 
osteoporosis in senile persons. Adequate protein intake is instrumental in 
supporting osteoblastic activity so necessary for production of osseous 
matrix. ‘When osteoporosis is present, the prime objective is an adequate, 
high protein diet (a gram or more [of protein] per kilogram of body 
weight), to aid in building bony matrix for osteoblastic activity.””' 


Meat constitutes one of the most important sources of protein in the 
nutrition of the aged. Meat offers biologically effective protein — effective 
in the maintenance as well as the reconstruction of wasted or damaged 
tissue. Its natural content of B vitamins and of essential minerals not 
only helps to supply the daily needs for these nutrients, but is necessary 
for the proper utilization of amino acids.’ 


The appealing taste of meat, its appetite-stimulating quality, and its 
almost complete digestibility also are important in geriatric nutrition. 


. Rechtman, A. M., and Yarrow, M. W.: Osteoporosis, Am. Pract. & Digest Treat. 
5:691 (Sept.) 1954. 
Cannon, P. R.; Frazier, L. E., and Hughes, R. H.: Factors Influencing Amino 
Acid Utilization in Tissue Protein Synthesis, in Symposium on Protein Metabo 
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THE MIDDLE LOBE SYNDROME! 
A Review of the Anatomic and Clinical Features 
DONALD EFFPLER ano JOHN R. ERVIN 

Received for publication May 17, 1954 


INTRODUCTION 


The middle lobe syndrome, initially described by Graham, Burford, and 
Mayer (1) in 1948, is of unusual clinical significance. The disease complex pre 
sents multiple pathologic phases and is peculiar to the middle lobe of the right 
lung and its counterpart in the left lung, the lingula. The syndrome is being 
recognized with increasing frequency, judging from the discussion stimulated by 
the report of Paulson and Shaw (2) in 1949 of their observations on a group of 
patients who presented obstructive pneumonitis of the right middle lobe. The 
Variations in certain clinical features have led to variations im the terms used to 
describe the disease. It is the belief of the present writers that the variants in 
the clinical features reflect distinct phases of the disease. The purpose of this 


paper is to present this concept of the middle lobe syndrome 


DEFINITION AND DESCRIPTION 


The middle lobe syndrome is a suppurative process which is characterized by 
recurrent pneumonitis, productive cough, recurrent fever, and frequent hemop 
LVses Many of its clinical and histopathologic features are identical to those of 
bronchiectasis. Actually, the middle lobe syndrome begins with a phase of ob 
structive pneumonitis and terminates with a phase in which there is destruction 


of the lung parenchyma distal to the point of obstruction 


\NATOMY 


Knowledge of the bronchial anatomy of the middle lobe and of the lingula 


is essential to an understanding of the basic pathology and the clinical manifesta 


! From the Department of Thoracic Surgery, The Cleveland Clinie Foundation; and The 
Frank Fk. Bunts Educational Institute, Cleveland, Ohio 

* Presented before the Medical Session. as part of the symposium on Nontuberculous 
Pulmonary Disease, at the annual meeting of the National Tuberculosis Association, Atlan 


tie City, New Jerse on May 17, 1054 
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tions of the middle Jobe syndrome. The bronchus to the middle lobe arises from 
the right stem, approximately 2 em. below the orifice of the upper lobe; it nor 
mally is a slender, elongated tube that is 2 em. or more long before it divides into 
the medial and lateral segments. This bronchus is unique within the tracheo 
bronchial system because of its length, pliabilitv, and the angle at which it 
diverges. Both the contour of the middle lobe bronchus and the proximity of 
three or more penbron hial ly mph nodes that encircle the slender, easily compres 
sible tube are of anatomic significance. In 1946, the English surgeon and anato- 
mist, Broek (3), called attention to this lymphatic chain and implied that enlarge 


ment of these nodes would compromise the diameter of the bronchial lumen 


PATHOLAWGY 


The sequence ol pathologie events of the middle lobe syndrome may be de 
seribed as having three stages: (/) initial obstruction of the middle lobe bronchus 
by lymph node compression, (2) secondary obstructive pneumonitis, and (3) 
either re-expansion of the lobe with or without bronchiectasis or no re-expansion 
with resultant destruction of the lobe 

The present writers believe that initial obstruction is brought on by an acute 
inflammatory process perhaps a respiratory infection of viral or bacterial 
etiology, which produces hilar lymphadenitis At this stage, the roentgenographic 
findings are of little clinieal significance since enlargement of hilar lymph nodes 
is not an unusual oecurrence. However, acute enlargement of peribronchial 
lymph nodes by infection may be of considerable clinical significance. Such 


enlargement associated with local inflammatory changes and edema may com 


press the soft bronchus and decrease the caliber of its lumen. The acute inflamma 


tory process of the diseased nodes may extend directly into the wall of the bron 
chus and result in edema which may complete the bronchial occlusion 

Occlusion of the bronchus produces obstructive pneumonitis, the first clinical 
phase of the middle lobe syndrome. In this phase, the roentgenographic findings 
may be indistinguishable from those characteristic of pneumococcal pneumonia 
or the so-called “drowned lobe.” [If the obstruction persists, however, the lobe 
will begin to contract, and the shrinkage in volume will then distinguish it from 
the appearance in pneumococcal pneumonia. The amount of destruction and 
the fate of the diseased lobe are dependent upon the virulence of the local infec 
tion and the length of time for which bronchial occlusion persists. A transient 
period of obstruction may be followed by a complete re-expansion of the lung 
and «a return to its normal function. More commonly, the bronchus remains 
obstructed beyond the critical period of pulmonary recovery, and some per 
manent damage ensues 

Sometimes, as the initiating inflammatory disease subsides, the peribronchial 
lymphadenitis and secondary endobronchial disease may regress with subsequent 
re-neration of the obstructed lobe. Although the re-expanded lobe is now aerated 
and has regained its former volume, irreversible bronchiectasis remains as the 
predominant feature of the middle lobe syndrome. More frequently, however, 


the severe lymphadenitis and endobronchial disease result in permanent bronchial 
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stenosis Which prevents re-expansion and re-aeration of the lung. This chronically 
obstructed lobe will then undergo a process of further contraction which ends in 


complete destruction of the bronchi and adjacent lung parenchyma 


EXPERIENCE WITH THE MIDDLE LOBE SYNDROME AT THE CLEVELAND CLINI 


During the period from June, 1949, to January, 1953, at the Cleveland Clinic, 
$2 patients were operated upon for the middle lobe syndrome or its counterpart in 
the lingula of the left upper lobe. The diagnosis was made in the cases of other pa 
tients also, but surgery was not performed 

The clinical features are not unlike those of other formes of bronchiectasis or chronie 
suppurative disease. Apparently the syndrome can appear at any age in life: in the 
Cleveland senes the youngest patient was eleven vears and the oldest was fifty-eight 
years of age. As might be expected, the most common complaint— and it occurred 
in every case without exception was chronic productive cough. The sputum was 
frankly purulent and in each case varied considerably in daily amount. The majority 
of the patients complained of some degree of fatigue, intermittent fever, and exacerba 
tion of symptoms during a superimposed upper respiratory infection, Recurreat 
hemoptysis of iviable degree occurred in 7 patients 

The duration of symptoms is of particular interest, The histories in this series 
revealed that the time between the onset of the disease and the establishment 
of the diagnosis ranged from three months to twelve years, an average of approxi 
mately four and one-half vears. Occasionally the patient or a parent would recall that 
there had been a respiratory infection of unusual severity and persistence, from 
which episode the symptomatology could be dated. Several patients had been in- 
formed by their attending physicians that they had “viral” pneumonia, and the 
conditions of several other patients had been classified as so-called “walking pneu 


moni.’ 
DIAGNOSIS 


The essential features of the middle lobe syndrome may be demonstrated 
by routine roentgenography, bronchoscopy, and bronchography \ll three 
diagnostic aids may not be required in every case; a careful history and physical 
examination are presumed before specific diagnostic studies are undertaken 

Roentgenography: Atelectasis, or obstructive pneumonitis of the right middle 


lobe, produces a characteristic roentgenographic appearance. On the routine 


projection there is an area of haziness in the right central lung field which usually 


is somewhat triangular in contour with the apex of the triangle extending up 
wards toward the right hilum. A right lateral film may show a typical shadow 
superimposed on the cardiac silhouette which is classic for middle lobe obstrue 
tion; this particular feature is prerequisite to a consideration of the diagnosis 
The most common error in interpretation is that of making a diagnosis of inter 
lobar effusion. An accurate diagnosis of the contracted right middle lobe can 
frequently be made by the routine postero-anterior and right lateral projections 

Bronchoscopy: Vndoscopic inspection is necessary to differentiate between 
inflammatory obstructive pneumonitis and that produced by neoplasm or 
foreign body. In the middle lobe syndrome the orifice is obviously compromised 


ACUTE 
LYMPHATIC COMPRESSION 


COMPLETE COLLAPSE OF 
RML WITH PURULENT 
EXUDATE. 


LUNG WITH BRONCHIECTASIS 
Fia. | 

A. Diagrammatic concept of the lymphatic ring surrounding the right middle lobe 
bronchus. This normal relation rarely has less than three nodes 

KB. Similar con ept during acute lymphati compression Actually many other hilar and 
mediastinal lymph glands may be involved at this time but their position does not favor 
bronchial compression 

C. Diagram of classic middle lobe syndrome. The lobe is airless, contracted, and its 
parenchyma is diseased by obstructive pneumonitis 


D. Re-expansion of obstrueted middle lobe after resolution of lymphadenitis; the lobe is 


no longer airless but re-expansion has occurred beyond the point of pulmonary recovery 


The patient now presents the clinical picture of bronchiectasis confined to the middle lobe 


as 
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Fig. 2. Schematic concept of middle lobe disease and its sequelae 

A. The normal right middle lobe before disease; at the lower center the lobe has returned 
to normal when the obstruction has been relieved early before reaching the limit of pul 
monary recover, 

B. The early ph ise of middle lobe disease; the lobe is contracted and bee oming airles 
Obstructive pneumonitis is the predominant clinical feature 

C". Persistent coll ipse of the middle lobe with associated bronchial ste nosis and paren 
chymal destruction. This is the classic picture of the middle lobe syndrome 

D. Re-expansion of the middle lobe beyond the point of pulmonary recovery. Bronehies 


tasis is the predominant clinical feature 


by extrinsic compression and mucosal inflammation. Purulent exudate and endo 
bronchial granulations are frequently seen in the orifice of the diseased lobe 
Bronchography: This common adjunct is of considerable value even though it 
may not vield specifically diagnostic findings Mapping of both lung fields ts 
Himportant to determine whether there is bronchiectasis elsewhere. When the 


middle lobe bronchus is compromised, there may be absence of filling of one or 


both segments. Contraction of the middle lobe may result in slight overexpansion 


of the upper and adjacent lower lobes to occupy the resultant space. The bron 
chogram may therefore be misinterpreted unless it is scrutinized and the negative 


filling or filling defect is discovered. Localized middle lobe bronchiectasis is 


A. ye T 


hia. Bronehogram (postero- anteror right 
woman with middle lobe destruction. The bronchogram 
actuall there is complete tene of the mid ule 
strates the “drowned” middle lobe. This typieal shadow 


lobular effusion 


kia 4 il ippearance of micldle lobe collapec thee postero anterior ind right 


lateral projection. The patient, 26 vears of age, gave the usual history of chrom productive 
cough, intermittent fever, and repeated ¢ pisodes of pmeumeontths 


* 
= 
4 
A 
iteral projection a 6 vear- old 
| onchus. The lateral film demon 
= 


Fig. 5. Middle lobe di -vear-old girl, The bronehogram demonstrate filling 
of the lower ‘ owed middle lobe bronchus im represented i lornl 


swrrow) from the st bronchus. The lateral fi emonstrate 


in lingula of the left ipper lolw dt o broneholithiaes 


patien en of ug i history of recurrent fever, cough, « pain. and hemow 
Thi ! ‘ed thant tation of the middle 
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t 32-year-old 


Fia 7 Bronchiect asic localized to the lingula of the left upper lobe in 
woman, Symptom complex and surgical findings were identical to those of classie mid il 


lobe disease 


typteal in cases wherein the obstruction has been relieved and there has been ne 
Pulmonary recovery In other words, the obstructive process Was temporary, 


vet the damage to the mvolved bronchi has progressed to irreversibility 


TREATMENT 


Whereas the middle lobe syndrome is a localized form of chronic suppurative 
disease, the damage to the bronchial architecture and involved parenchyma is 
irreversible, Unless excisional therapy is employed, relief of Symptoms may seen, 
to bring about remission only. Antimicrobial therapy has a temporary value and 
should be used only during acute exacerbations of the preumonitis or as prepara 
hon for surgery Surgical extirpation of the diseased middle lobe will be followed 
by prompt relief of symptoms if there is no residual Suppuration in the remaining 
lobes 

In principle, the technique of lobectomy has been Well standardized. How 
ever, the long standing disease may produce severe bronchial erosion by the 
ealeific nodes or bron, holiths; in cases where this occurs, the surgical procedure 
may be difficult or even hazardous, For this reason the Writers frequently pe 
i verse the usual order of procedure by first dividing the pulmonary vein to the 
middle lobe. This allows exposure to the anterior wall of the middle lobe bronehus 
before encountering the pulmonary artery When broncholithiasis js present, 


the middle lobe artery and bronehus may be fused by brittle residuals af chronic 
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long-standing inflammation. In such cases, cleavage planes are lost and operative 
bleeding may be serious. With preliminary division of the vein, which for some 
unexplained reason seems to eseape these inflammatory changes, and oeclusion 
of the bronchus by one or more sutures, the artery may be dealt with as the lobe 
is removed, Should hemorrhage oecur from the middle lobe artery, it is more 
easily controlled after the lobe has been removed 

There have been no operative fatalities in the group of J$2 patients operated 
upon at the Cleveland Clinic. Two of these patients suffered complicated courses 
due to hydropneumothorax, and another developed empyema which necessi 
tated open drainage twenty-five days after the initial operation. Follow-up 


stuches in all cases indicate satisfactory results at the present time 


stUMMAKY 


\ chronic suppurative process loealized to the middle lobe is being recognized 
with increasing frequency. The term “middle lobe svndrome”’ ts gaining accept 
ance as a designation for this condition 

The pathologic features of the middle lobe syndrome imelude several distinet 
phases Mechanical obstruction of the middle lobe bronchus by hyperplastic 


lymphadenitis initiates the first phase of obstructive pneumonitis. Lf the obstrue 


tive phase is short, the bronchus may reopen and, when irreversible changes have 


not occurred, complete function may return; the clinical course of such a patient 
is not unlike that of one with pneumococcal When bronchial 
clusion persists beyond the pont ol pulmonary recovery, the diseased lobe may 
remain airless and contracted, presenting the classic picture of middle lobe syn 
drome. A third possibility exists, and itis believed that it offers the « \planation 
of the occasional finding of severe bronchiectasis localized only to the right 
middle lobe or to the lingula. In these cases, bronchial occlusion may be relieved 
and the lung re-awerated, even though the eritical point of pulmonary recovery 
has been passed. In these instances, nonfunctioning bronchiectatic lobes remain, 
even though the bronchial occlusion is no longer a conditioning factor 

Whether the middle lobe remains airless and contracted or expanded and 
bronchiectatic has little bearing on the clinical course of the patient; in either 
case, the patient is subject to the same symptoms and complications 

Diagnosis of the middle lobe syndrome, or its counte rpart in the lingula of the 
left upper lobe, can be made by clinical suspicion, routine roentgenography, 
bronchoscopy, and bronchography. In an overwhelming majority of cases, the 


therapy will be surgical and the prognosis should be excellent 


kl Sindrome del Lobulo Medio: Caracteriaticas Anatomicas y Clinicas 


\ recone con frecuencia creciente un proceso supur itive ecronico ilizado en 
el l6bulo medio. términe de “sindrome del lbbulo medio” o “sindrome mesolocular’’ va 
tomando auge 

Las caracteristica histopatologic us de este sindrome comprende Varias fuses distintas 
La oclusi6n meednica del bronquio del l6bulo medio por linfadenitis hiperplésica inicia la 


primera fase de neumonitis oclusiva. Si la fase oclusiva es corta, el bronquio puede reabrirse 
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y, #1 0 ha habido alteraciones irreversibles, tal vez retorne la plena funcién y la evolucion 
clinica de un enfermo de este género no es diversa de la ce ino que tenga neumontia lobul ir 
Si la oclusién bronquial persiate mds allé del punto de la euracién pulmonar, el ldbulo afes 
t ado permanezea sin aire contr pre sent indo el u wiro lAsi« cle is ndrome 
mesolobular. Existe una tercera posibilidad opinan los AA. que ofrece la explicacién 
del hallazgo oeasional de bronquieetasia grave localizada Gnicamente en el bébulo medio 
derecho o en la Iingula. kin estos casos puede aliviarse la oclusidt reairearse el pulmon 
aunque se haya pasado el punto eritico de la curacién pulmonar. En ellos. restan lébulo 
bronquiectaticos sin funcionar, aunque la oelusién bronquial no sea va mds un factor eon 
dicionante 

heeho de que el bbulo medio permaneza desinfladoe y contraido o « xpandido bron 
quiectatico guarda poca relacién con la evolucién clinica en lo tocante al enfermo: en une u 
otro caso, bate « los mismos sintomas complieaciones 

diagndéstico del ndrome mesolobular. o de au equivalente en la lingula del 


superior izqiuerdo, puede hacerse a base de la sospecha la radiografia corriente. 


broncoscopia la broncografia. En la inmensa mayor lu terapéGutica 


quirtrgica y el pronostico dehe ser excelente 


Khst Mi 
moyen: Caractere eli ques et anatom ques 


tn proce us «le uppur ition chronique localisé au lobe moven est observé avee une fré 
quence cromeante. Le terme syodrome du lobe moven"’ est cde ius en plus accepté 
i I 


Les manife itions pathologiques de ce syndrome du lobe moven comportent plusieurs 
pha os distinete Obetruction mee de la bronehe clu moyen idénite h per 
plastique crée la premiére phase de la pheumone d'obstruction. Si la phase d’oblitération 
est bréve, la bronche peut redevenir perméable et, quand des lésions irréversibles ne se sont 


pas conatitude onetion peut se rétablir compléetement, le cour clinique de ces cas ne 


diflere guere de celui: de la pneumome lobaire Qu ind hice persiste au 


dela du point of la guérison pulmonaire est possible, le lobe affeeté demeure privé d'air et 


contracts presentant ia pect classique dus ndrome du lob moyen Il existe tine tromieome 
Possitnlité, qui, pour les auteurs parait offrir Vexplication de la découverte oceasionelle de 
craves bronchieect asi uniquement loc alisé niveau du lobe moven droit ou de ta lin 
gula. Dans ces cas, l'obbitération bronchique peut @tre supprimée et Ie poumon réaéré 
méme lorsque le stade de guériseon pulmonaire est dépassé. On peut alors observer des lobes 
bronchiecta prive de fonetion, méme quand loeclusion de la brone he comse détre un 
facteur causal 

Qu ‘il s’agisse d'un lobe moyen privé d'air et contracté, ou dilaté et bron hiectasique, le 
cours ¢ linique de l'affection eat peu influencé, dans l’un et l'autre eas. le mal ide est soumis 
AUX Themes et compl ition 

lu ch cle nadrome du moven, ou de son an dan lingul i du lobe 
supérieur gauche, peut étre acquis par hypothése clinique, la radiogr iphie routimeére, la 
bronchoseopie et la bronchogr iphie. Dans la trés grant majyorté des cas, le traitement 


sera chirurgical et le pronostic parait excellent 
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INTRODUCTION 


Straims of M. tuberculosis highly resistant to isoniazid no longer grow in simple 
liquid synthetic media which are capable ol supporting the growth of the parent 
isoniazid susceptible strains. On the addition of serum or bovine albumin 


}), or hemoglobin or hemin 


fraction V (1, 2), activated carbon (2), ferrie chloride 
(4) to the basal media, growth of the resistant strains can be obtained 


As a result of preliminary experiments, not reported here, it was decided to 


compare the growth-promoting activity of various substances for eight strains of 


VW. tuberculosis resistant to 100 y ot isoniazid pe the hope that some 
consistent pattern for the growth requirements would emerge. The results of 
this investigation are reported in this paper. The virulence of these strains for 


mice and pigs Is deseribed im an report () 


MATERIALS AND METHODS 


Culture medium: In the investigations into growth requirements, the following Proskauer 
und Beck type of basal medium was used 
Potassium dihydrogen phosphate (B.D Analar 0 
L-Asparagine (L. Light & Co 5.0 gm 
Magnesium citrate (B.D LH. true 15 gm 
Potassium sulfate Analar gm 
Glyeerol (B.D. Analar ml 
Class distilled water 10 liter 
The pH was adjusted to 7.0 using 40 per cent sodium hydroxide before addition of the 
magnesium citrate. After autoclaving at 10 pounds of pressure for ten minutes, the medium 
was kept overnight at room temperature, and the remaining deposit was then removed b 
filtration. The medium was bottled and reautoclaved at 5 pounds of pressure for five minu 
tes. The final pH was 6.95 
idditions: Before addition to the basal medium, the various Upplements were prepared 
and sterilized as follows 
Human serum and solutions of eleetrophoretically pure albumin, gamma gobulin, and 
total globulin,’ and crude jo roxidase prepared weording to the method of Elliott (6 and 
chlorophyll (L. Light & Co.) were sterilized by Seitz filtration. Hemoglobin solutions 
were prepared by washing with saline five times the sedimented cells from citrated human 
blood, hemolyzing with glass distilled water, sterilizing by Seitz filtration, and standardiz 


ing by the alkaline hematin method 


From the Laboratories of the Medical Research Couneil of Ireland. Dublin Ireland 
? Lasdon Foundation Research Fellow of University College, Dublin 
The writers are grateful to Dr. kb. F. MeCarthy, University College, Dublin, for the 
samples of albumin, gamma globulin, and total globulin 
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Concentrated solutio of tnliiverdin (L. Light & Co.) were made in normal sodium 
hydroxide and pt tor thirty minutes, Solutions of hemin (L. Light & Co.) were made in 
dilute ammonia and kept for one hour. No contamination arose from these solutions i 
the medium 
\queou glucose, glycine, eytoehrome « (1, Light & Co the 
word fum | wie, were sterilized by placing in 30 ml. screw top bottles in a cool 
~suter breath sus then brought to a bol and boiled for five minutes 
Coneentyr ‘ aa dipyridyl, oxine, oxalacetic acid (L. Light & Co.), a-keto 
aed (1 laight & Co pyruvie acid (L. Light & Co ind pyridoxal (L. Light 
prepared in aleohol. The 10 per cent aqueous solutions of ferrie chloride left 
ght were not further sterilized 
oalor activated carbon OSuteliffe Speakman & Co.) was added to the 
md removed after twent fourtoforty emht hours by filtration (What 
rile cabinet. When it was intended to leave the carbon in the medium 
vhich were sterntlized before the addition of the sterile medium 
An alkali henmwe hromeoge n method, which measures the total 
iron porpl |, was used for gamma globulin and the erude peroxidase 
lon contaming 20 to 200) y of iron porphyrin was pipetted into a 10 
ml. graduates fone mulliliter of normal sodium hydroxide. 2 ml. of pyndine, and 0) mg 
of sxdium hydrosulfite were added. The solution was diluted to 10 ml well shaken, and 
kept for thirty manute It was then read at 561 my, in a Beckman spectrophotometer, using 
s wile it A bla md hemin standards in the range of 20 to 200 5 were measured 
Phe hemin content of serum was estimated by the benzidine method as deseribed b 
Creditor (7 
Preparation of au pensions of tubercle bacilli: Suspensions of bacilli for inoculation of 
the liquid media were prepared from cultures on slopes of Lowenstein Jensen medium 
eontaming TOO of isoniazid per mil hereafter referred to as isoniazid Liwenastein The 
growth was lightly ground in Griffith's tubes and then suspended in the basal medium. The 
larger particles were allowed to sediment, and the supernatant was then standardized 
turbidimetrieally to give an inoculum of 0.08 mg ipproximately per drop from Pasteur 
pipette per 
Nirain of WV fiche sloni 
WHAITRON This was obtained | two passages of the MW37He strain in serial dilutions of 
onmtazid in the basal medium containing 5 per cent serum (serum-Proskauer and Beek 
followed by one passage on isoniazid Lowenstein. The eulture used as the inoeulum was 
thirteen days old 
M37 Rok: This strain (2) was obtained as above. Subsequently, 12 subeultures were made 
on isoniazid Lowenstein at approximately monthly intervals. The culture used as the 
mnoculum was eighteen days old 
ha Thi wae also olpt is the il hee \ in serum Prosk una Beck twelve 
months previous! Subsequently subcultures were made at ipproximately equal intervals 
on tsomazid Lowenstein, The inoculum was twenty eight days old 
Flynn R: This strain was isolated nine months previously on tsoniazid Lowenstein from 
patient with renal tuberculosis who had been treated with isoniazid. The primary culture 
Was passaged ina guineas pig and again grown on isoniazid Lowenstein and subcultured 
once, twenty one weeks later, The inoculum from this subeulture was forty-five dave old 
for This strain was i olated on toniazid Lowenstein nine months previoush 
' patient with renal tuberculosis who had heen treated with teoniazid After molation, the 
strain Was passaged in a guinea pig and then grown again on isoniazid - Lowenstein. A «uly 
eulture was made twent one weeks later, and after forty five dave this growth was used 
the inoculum 
Hoey This strain isolated on tmontazid- Lowenstein from the sputum of a patient 
with pulmonary tuber sis under treatment with isoniazid. Five subeultures were mace 


on this medium during a period of twelve months. The inoculum was thirty-eight davs old 
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LAPERIMENTAL KESULTS 


In figures | through > the growth results obtamed with the emht isoniazid 


Variants ot V reulosi 


resistant in basal medium contamimg human blood 
fractions in various concentrations are shown. [It should be emphasized that, in 
the experiment deseribed in figures | through 10, the same bateh of medium wa 
vere Isa 


supplements tothe basal 


used forthe eight strains. The 
the one batch except vhen the substance was unstable in solution, in 
fresh solutions were prepared for that day's inocula. One or two strain 


In the testing of the growth promoting activity of the various 


set up ene h day 
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Key to figures Heavy Growth 
Good Growth 
Moderate Growth 
Small Growth 


Trace Growth 


Ravenel RvR 


H37 RYN 
| DineenR 


Dilution of Serum 


100 


Fie. Growth-promoting activity of serum for eight resistar strains of 


tuberculosia 


]Ravenel RvR 


r 
128,000 


Dineen R 


32,000) 


16.000! 


8,000 


Dilution of Serum albumin 


4900 


2,000 


Fic. 2. Growth promoting activity of serum albumin for eight strains of tsoniazid re 


sistant M. tuberculosis. No growth was obtained with the H37ReN, H37RrF, Cor RB, or 
Hoey BR strains 
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Fic. 3. Growth promoting activity of total serum globulins for exght tsoniazid re 


strains of tuly No growth was obtained with the Plynn Boor Hoey ateain 
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Fic. 4. Growtl promoting activi of gamma globulin for 
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additions for each strain in figures | through 10, the ineulum for each tube was 
from the same su persion 

It may be seen (igure 1) that serum supported the growth of these eight strains 
of M. tuberculos Phere were marked quantitative differences howe in its 
growth promoting activity tor the ariotis strains These differenes are par 
ticularly noticeable when the Cor R and Hoey R strains are compared with the 
WTRF, Ravenel RoR, and Doyle R strains. There is also a distinet difference 
betweoon the irmnts of the Rr strain, the inant bemg tour 
times as demanding for serum as the MW37Rek variant. The Hoey R strain, which 
failed to grow with any of the other additions, was also the most demanding for 
serum. The range tested, 100 to 6400 dilution of serum, corresponds approxi 
mately to 2.000 to 128.000 dilution of serum albumin 

Kleetrophoretically pure albumin (igure 2) supported the growth of only four 
of the exght strains tested, growth not being observed in the range tested (1,000 
to 128,000 dilution) with the Cor R, and Hoey BR strains 

With the eleetrophoretically pure total globulin Cligure 3 growth was not 
obtamed with the Flynn BR oor Hoey BR strains. The Ravenel Ri R strain was not 
tested 


Kleetrophoretically pure gamma globulin (figure 4) supported the growth of 


the [W37Rek, Ravenel Reh, Cor R, Doyle BR, and Dineen BR strains, but not of 
the Flynn and Hoey strains 

Hemoglobin (figure 5) supported the growth of all the strains except the 
Hoey R strain 

In figures 6 through 10 are shown the results obtaimed by the addition of 
hemin (igure 6), crude peroxidase (figure 7), ferric chloride (figure S), sodium 


hvdrosulfite (igure 9), and activated carbon and sugar charcoal (igure LO 
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> 


Fic. 6. Growth promoting activity of hemin for eight isoniazid-resistant strains of M 
tube alo No growth was obtaimed with the Hoey «train In thi experiment the 
H37ReN strain was tested in the 0.5 to 2.0 y per ml. range only and failed to grow but, in 


other experiments, growth was not obtained at 16 ) per ml 
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Hemin (figure 6) was as active as hemoglobin. Like hemoglobin it failed 
support the growth of the Moey KR strain 

The same pattern Was obtamed with the crude peroxidase except that the 
Flynn BR strain tailed to grow. The iron porphyrin content of the crude per 


oxidase preparation Was found to be 25 4 peril. per cent preparation 
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Dineen R 
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Dilution of sodium hydrosulphite 


4,000 | 


oting activity of sodium hydrosulfite for exght tontazid resistant 


strains ilo No growth was obtained with the Hoey strain 
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hia 1. Growth promoting aetivity of aetiv ited carbon and sugar charcoal for eight 
isoniazid resistant trains of tube slonia. No growth was obtaimed with the k 


or Dineen RB strain The Doyle R strain grew only in the sugar charcoal 


Ferric chloride (igure 8) allowed the growth of only three strains, //37RePF, 
Ravenel ReR, and Dineen Rh, but with these strains it was as active as serum 
The fact that these results were not due to the presence ob any contaminating 
metal was confirmed by the use of spectrographically pure ferric chloride solu 
tions. Ferrous sulfate allows growth, but is less active 

One of the most successful additions was sodium hydrosulfite (figure 9). In 
these circumstances also, the Hoey R strain failed to grow, while the growth of 
the H37ReN, Flynn R, and Dineen R strains was limited in amount and in the 
range of dilutions in which growth took place 

Cysteine and glucose were also employed, but these failed to allow growth of 


any of the strains 
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In a preliminary communication (2) it was reported that growth of a HWd7R 


isoniazid resistant ariant here reported nus occurred il activated 


carbon charcoal Vas added to the basal medium and Inter removed by 


filtration. It has since been found. however that. after filtration with the finest 


grades of filter paper, growth does not occur. Growth of the H37RvrF variant has 


been obtained with as little as four parts ol charcoal per million in the basal 


medium Phe actiy ited carbon is rich in iron, but the essentially pron ree stigar 


charcoal is equally active. The results with the eight strains obtained on addition 


of 0.2 per cent charcoal to the basal medium are given in figure 10 


lo examine further the outstanding growth-promoting effeet of serum, the 


H37RvN strain, after four further subcultures on isoniazid-Lowenstein, was 


inoculated into serial dilutions of serum in the basal medium. Good growth, 


which was obtained at the eight hundred fold dilution of serum in the first 


series, Was used as the inoculum for a second series, and the growth which then 


occurred in the 12.800 dilution was used as the inoculum for a third series 


table 1). In this third series it will be seen that growth now occurred over the 
whole dilution range tested (100 to 204.800) and also in the absence of serum 


From this third seri pairs of tubes, taken at two fivefold intervals. were used 
as mocula (41, 100-200. 3200-6400. 102 400-204 and no serum 


for a senes of tubes containing isoniazid in serial dilution in Proskauer and 


Beck and for a similar series which contained 5 per cent serum (table 2 


In the testing of isoniazid-susceptible strains of VW. tuberculosis, it was re 
| 


peatedly found that there is no notable antagonism of isoniazid by serum. It is 


clear, therefore, that the above inocula A, B,C, and 1) were still resistant to 


100 y+ of isomazid per mil. even though they have now 


been tramed to grow in 
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TABLE 2 
Grown or tHe Sreain, Waren Hap Previousty Grows AND 
Beck Meprem Conratnine A,1/100-1/200-. 1/3,.200, 1/6400, C, 102 400 SOD: 
D. No Seaum. is Ditetions or Isontazip iN Proskauer ano Beck Wirrn anv 


Wirnovur 5 Pen Centr Senum 


All All All 


tubes tubes tubes 


No 


aid 


* For ke osevymbols see figure | 


the absence of serum. Hlowever, in the presence of higher concentrations of 
isoniazid, serum is essential, growth not being obtained with concentrations of 
isoniazid higher than approximately 6 y per ml. in the absence of serum. Even 
with concentrations of isoniazid as low as 0.2 y per mil. (not shown in table 2 
a demand for serum was evident, full growth not being obtained without serum 

Attempts to reduce the demand for serum by repeated subcultures of the 
H37ReN strain in serial dilutions of serum as above, but in the presence ol 100 
and SO y of per mi., were not successful 

In other experiments, cytochrome ¢., biliverdin, biliverdin plus ferric chloride, 
and chlorophyll failed to promote growth when tested with the //07 RecN variant 
Inorganic tron like the porphyrin enzymes can function as a catalyst in oxidation 


evetems. but it wm less effective (10 An iron dipyridy! chelate reported to have 


porphyru aetivity (10) did not allow growth when tested against the 
Doyle I and Variants 
Pyridoxal (11), a-ketoglutarnie (11,12), and pyruvie ac ids (11) have been re 


ported to antagonize isoniazid. These compounds and also a number of other 
compounds known to be associated with them in biologie reactions, when 
tested against the //i7ReN, Doyle R, and Hoey BR variants, produced the results 
shown in table 3 

Negative results were obtained with acetic, lactic, and fumarie acids. Yeas 
and Starr (13) found that, in a mutant yeast, evtochrome ¢ and catalase were 
formed only on the addition of protoporphyrin 1X or glveine to the medium and 
attributed this to the fact that the mutant was a slow glvecine synthesizer. In view 
of this finding the possible effeet of glycine on the 1137ReN strain was examined, 


but the results were negative 
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DISCUSSION 


In general, the growth requirements of these isoniazid-resistant strains of M 


tuberculosis varied unpredictably from strain to strain. For example, it might 


have been expected that the MW37Rv variants A and F would have 


had rather 


sunilar requirements, but gamma globulin, hemin. and ferrie chloride supported 
the growth of the F variant. but not of the \ 


\s well as these qualitative differ 
ences, there were also quantitative differences noticeable 
were added 


when other substances 


Sodium hydrosulfite reduces hydrogen peroxide 


Hemoglobin juer 
oxidase, ferric chloride, and charcoal have 


in Common Catalase-lke activity and 


promote the breakdown of hydrogen peroxide, Peroxice I] 


as well as being toxie of 
itself, can spontaneously oxidize pyruvie acid so that the above substanes 


ure 
possibly acting as pyruvate sparers. On the other hand 


however alpha-keto 
acids decompose hydrogen peroxide to water. Pyruvie acid as seen above (table 3 
can promote the growth of highly isoniazid-resistant strains of WM. tuberculos 

and this activity of pyruvate has also been reported by Cohn, Oda, Kovitz, and 
Middlebrook (14). This growth promoting activity of pyruvate seems to be con 


sistent with pyruvate antagonism of isoniazid (12 


It is interesting that pyruvate allowed the growth of the Hoey R 


while all other additions except serum failed. However, 


blood has a content of 
141055 y of pyruvic acid and 1.2 to 6.0 y of other ketone bodies per m Me 


: 
\ 4 Range Teste 
ch 
No growth 
Pyrus 
For ke to symboi 
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TABLE 4 


CONCENTRATIONS Or Hemin ren Mi Present in THe Apprrions Wuicn ALLow or 
Do Nov Attow Grown or Erour Strains or M. Turercutosis 
rrom Figures | anp 4 


Reb 


ha enel R 


Flynn R 


Diowle Ke ‘ 25 
this range tested 


only 


Hoe K 


R 


(i = growth, NG ne growth 


It would thus appear that serum activity cannot be explained by its content of 
these substances; for 1: 100 serum (figure 1), which allows growth of the Hoey R 


strain, would supply less than | y of pyruvate per ml., while 200 7 per ml. are 
necessary for growth 

Fisher (4) has reported that serum promotes growth of isoniazid-resistant 
variants by virtue of its hemin content, and that | y of hemin per ml. appeared 
to be the minimum concentration necessary for growth. Examination of the 
widitions used in the present studies gave a hemin concentration of 7 y per ml 
in serum and 50 y per mi. in | per cent gamma globulin. In table 4, which was 
constructed from the data in figures | and 4, it is shown that, while the hemin 
concentrations which allowed growth were of the same order as described by 
Fisher, the serum was much more active than its hemin content would indicate 
if that factor alone were operative. Moreover, two strains (137ReN and Hoey R 
failed to grow at all in the presence of hemin. The activity of gamma globulin, 


however, could be explained in terms of its hemin content 


~ 
706 
>, ( trai erum (Range 6.25-0.004 Hemin (Range Gamma Globulin (Range 
0.016 NG 160.5 NG 540.3 
NG 0.008 
0 004 16-05 G 540.3 
NG, 00R 
G 0.002 G 16-1 G 540.6 
NG o.oo 
G 0008 16 NG 540.3 
NG 0.004 NG 
NG 0008 NG NG 060.3 
|| 
NG NG 10.5 
G 
NG NG 160.5 NG 540.3 
G 0008 G 16-1 G 50.6 
5 NG 0.004 NG 0.5 NG 0.3 
be 
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Examination of the results obtained with the protein tractions of serum also 
does not assist i explaining the growth promoting activity of whole serum 
Total globulins supported the growth of H37Rv variants but gamma globulin 


failed to support the growth of the N’ variant. Albumin, although it failed to 


promote the growth of both M37Rer variants, allowed growth of the Flynn R 
strain. The Flynn R strain, however, did not grow in the presence of the globulins 
On the other hand, the Cor R strain, which grew when globulins wer added, did 
not grow in the presence of albumin. All serum fractions failed with the JHloey R 
strain 

It seems unlikely that one hypothesis can be devised to explain the compli 
cated growth requirements of these highly isoniazid-resistant organisms. In 
stead, it seems likely that these different strains have very different metabeoli 
patterts 


SUMMARY 


The growth requirements of eight different strains of M. tuberculosis resistant 
to 100 y of isomazid per ml. have been compared. Serum was the only factor 
which promoted the growth of all of these resistant strains ina simple Proskauer 
and Beek type of medium. The activity of serum could not be explained in terms 
of its hemin or pyruvate content or in terms of any one serum fraction tested 
Other additions, crude peroxidase, ferric chloride, sodium hydrosulfite, activated 


carbon, and stuiga} charcoal promoted the growth of only some strains 


Estudioa de Cepas lsoniacidorresiatentes del Tuberculosis Requisitos del Desarrollo 
de Cepas Resiatentes a 100 de lsoniacida por Vi 


compararon lows requisitos para el des irrollo en he distintas ce pas de tuber 
culosis resistentes a 100 de isoniacida por ml. kl suere fué el dnico factor que fomentara 
el crecimiento de toda esas cepas resistentes en un medio sene illo le tipo Pre Kauer 
Beck. No cupo explicar su actividad en términos de contenido de hemina o piruvate o 
de ninguna fraceion sérica ensavada Otros productos mregados peroxidasa cruda, cloruro 
férrico hidrosulfite che odio, carbon ae tivade carbon de azdear, foment iron el cle 
sarrollo de algunas cepas 


KhSt 


Etude souch on ¢siatantes de M he ilosi 
leveloppeme couches résistantes a 100 de pa 

Les conditions necessaires au ce veloppement de S différentes souches de M. tube ilo 
resistant a 1005 disomazide par ml. ont ¢ té comparées. Le seul facteurs qui provoquait le 
développement de toutes souches résistantes dans un milieu imple du t Pros 
kauer et Beck ftait le frum. | exply ition de son activité en termes de son conte ne 
en ouen pyruvate ou d aueunes des fractious de testees etre obtenue 

Laddition d’autres idjuvants perox dase brute ehlorure fe rrique sulflhyvdrate de 
carbone activé et charbon de suere ne provoquait le développe ment chez 
quelque souches seulement 

Ichnowledqmenta 
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STUDIES ON ISONIAZID-RESISTANT STRAINS OF MYCOBACTERIUM 
TUBERCULOSIS' 


II. Virulence for Mice and Guinea Pigs and the Growth Pattern (Cording) in Vitro of 
Strains Resistant to 100 Micrograms of Isoniazid per Milliliter 


MICHAEL L. CONALTY ETHNA GAFFNEY? 


teceived for publication February 24, 1955 


INTRODUCTION 


It is now well established (1-4) that tubercle bacilli resistant to isoniazid have 


modified virulence for guinea pigs. It has also been shown that, in the first weeks 


after infection, isoniazid-resistant bacilli produce progressive lesions, as do drug 
susceptible bacilli, but that lesions due to resistant bacilli regress in later 
weeks } 7 

teports differ on the virulence of isoniazid-resistant strams for mice, Some 
workers (5, 8) have reported isoniazid-resistant strains to be as virulent for mice 
as the parent drug-susceptible strains, while others have found such resistant 
strains to be of low virulence (4). It has been suggested that there is a relation 
ship between the degree of isoniazid resistance of the bacih and their virulence 
for mice and guinea pigs (4) and between their catalase activity and their viru 
lence for guinea pigs (8) 

The present report is concerned with observations on the virulence tor mice 
and guinea pigs of eight isoniazid-resistant strains of M. fuberculosis, the growth 
requirements of which were studied (9) at the time of inoculation, together with 
the bacillary growth pattern in a Proskauer and Beck type ol medium. It wall 
be shown that marked differences in virulence were demonstrable in these 
strains, all of which grew freely in the presence of LOO y of isoniazid per ml. ina 
Lowenstein-Jensen medium, and that a change of virulence for mice and guinea 
pigs Was not accompanied by a change in the cording characteristics. Failure of 
an jsoniazid-resistant variant of to increase resistance of mice to subse 
quent reinfection with a virulent isoniazid-susceptible stram of MW 


is also reported 


EXPERIMENTAL METHODS 


Strains used: Isoniazid susceptible strains used were the M37Kh ene 
strains. The resistant strains used were H37KeN and H&7TReF, derives o from the 
parent H37Re strain, Ravenel RoR likewise from the Ravenel Iv strain, twos oluted 
from patients with renal tuberculosis treated with montazid Flynn Rand Cs f, and three 
strains from patients with pulmonary tuberculosis treated with tsoniazid Hoey R, Doyle R, 
ind Dineen BK. All strains were maintained on Lowenstein Jensen medium contaming LOO 
of isoniazid per ml. Gsontazid Lowenstein Phe full history of these strains is desernbed 
elsewhere (9 

Tnocula: Inocula for animals were prepared from the growth on miazid I 


Slopes 
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Guinea pigs: Virulence for guinea pigs was estimated in tuberculin negative pigs of S00 
am. average weight. Inocula were given subcutaneously in all instances. The method of 
determining the Disease Index has been described previous! 10 


In brief, extensive disease in the lungs, liver spleen, site of inoculation 


und 
jacent lymph nodes combined is awarded 35, 30 


25, and 10 poimte respectively 
it total maximal infeetion index of 100 points. Moderate 


disease is awarded 
5 and 10) slight disease, 15, 10 


5, and 5 points 


Vice: The brown dba strain of mouse was used for testing virulence in most instances 


butin a few « cperiments the Schoheld albino strain was used. All infections were made it 


travenously in mice of 25 gm. average weight 


Survival times in mice were estimated by the method of Litehfield (11 


EXPERIMENTAL KESULTS 
Virulence and Immunizing Properties in Mice 


In table | it may be seen that, of the eight strains tested, four strains. Ravenel 
RoR, Flynn R, Cor R, and Doyle R, had considerable virulence for mice, the 
median survival time ranging from 14 to 23 days. Bacilli isolated from the lungs 
of these mice at the time of death were resistant to 100 y of isoniazid per ml 
At the end of the experiment, 100 days after infection, resistant bacilli were also 
isOlated from the lungs of the mice infected with the four other strains. These 
lungs showed only very occasional macroscopic lesions 

\ considerable number of experiments with the Ravenel Rv strain and with 
its isoniazid-resistant variant has failed to reveal any 
virulence for mice between the two strains 

The virulence of the isoniazid-resistant 137ReF was compared with that of 
its drug-susceptible parent, //37Rv, in Schofield mice. Equal doses of the strains 


were used, approximately 0.3 mg. Median survival time and 19/20 limits of prob 


significant difference in 


ability for the ten mice infected with the drug-susceptible strain was 10.5 (9.6 
to 11.5) days. None of twelve mice infeeted with the isoniazid-resistant variant 


had died up to the eighty-fifth day, when four of the group were sacrificed Only 


microscopic lesions were observed in these lungs at autopsy, and bacilli resistant 
to 100 y of isoniazid per ml. were isolated from them 


To determine whether any immunity to infection with virulent tubercle 


bacilli had been established, the eight surviving mice were reinfected with the 


TABLE 1 
Resvucrs or Intravenous or Brown Mice wrrn 0 RESISTANT 
Variants of M. 


Deaths from Tuberculo 
n 100 Day 


H37ReN 0 
Ret 
Ravenel Reh 

Flynn R 

(oz R 

Hoey R 

Doyle R 

Dineen R 


> 100 

> 
(13.0-15.0 
17.3-18.7 
(19.8-26.6 

> 
5 (19.8-25.6) 


madd 
b 
sis Mercian Sur | 
‘ 
Is 
9 
23 
» 
> 100 
3 
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isoniazid-susceptible bovine Ravenel Rr strain intravenously. Ten mice of the 
same age and strain were also infected with this inoculum to serve as controls 
Apparently there had been ho Hnmunologi response, as the median survival 
time of the mice previously infected with the resistant Variant was not signif 
cantly different from that of the controls: 26.0 (20.8 to 62.5) days as agauinst 
24.5 (22.8 to 26.3) days 


Curtailment to 100 days of the observation period in mice possibly gives a 


misleading picture, as in later work using the H37yReN isoniazid-resistant 


variant which had had three subcultures in Proskauer and Beek mes lum con 
taining progressively less serum, deaths oceurred after the LOO-day period. In 
this experiment, inocula of 0.2 mg. were used and consis ted of the growths from 
pairs of tubes of Proskauer and Beck containing serum in A. 100.200 B, 3,200, 
200; ©, 102,400, 204,800 dilution, and D. no serum (9 Median survival times 
in all cases were approximately 150 days. no significant difference being found 
between the four groups 

Histologically the picture was that of an acute tuberculous pneumonia, the 


alveolar exudate showing masses of acid-fast bacilli figure |) which proved to 


Isoni izid resistant tuberculosis H in lungs of mice which died 150 da 
after infeetion Zieh! Neelsen stain, «625 
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rABLE 2 
Resuvts or Invection or Guinga Pics wirn 0.5 Ma. or Resistant 
and Two leontazip- Srrains or M. Tusercuiosis 


Orwar 


is 
Molerate 


(suscepti 
ble 


H37RwN 


HIT het 


Ravenel Ke sus 


cept thle 


Ravenel Rok 


Flynn R 


Doyle R 


* All surviving animals were killed on the same day, giving survival times of 190 to 20 
“ 


dave from the time of infeetion 
t These animals were accidentally gases isa result of a coal gas leakage in the animal 
house. They were infeeted on different da henee, the differences in survival time 


z Died from intestinal ob«truetion 


sir 
Diseas + = Slight; +4 
re iM K ille the Index 
be +4 +4 +4 70 
& K. 106 10 
“ 
D 46 
LD. 
I). 142 + 4 i. 4 ++4 
4 K. 190 + 4 4 4 
ID. 174 +4 + 4 + +4 
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kK. 107 ++ ++ 25 
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be resistant to L007 of isomazid per ml. A similar delaved picture was observed 
in mice infected with O.1 mg. of the isoniazid-susceptible Ravenel Re strain and 
treated with 25 mg. of isoniazid per kg. for only 14 days, commencing on the day 
of infection. Such mice had a median survival time of 165 davs but bacilli ise 
lated from lungs of these mice were isoniazid-susceptible (O.1 y per ml.) Similar 
results were obtained with other derivatives of isoniazid (7). The virulence of 
resistant bacilli recovered from mice which died five to six months after infeetion 


is being studied 


| irulence for (ruined Pig 


The same inocula which were used to infeet the mice (see table 1) were used to 
infect guinea pigs. With the exception of the Doyle BR strain, it will be seen 
table 2) that those strains which caused death of the mice were also the strains 
Which caused a substantial degree of disease to be present i those Cuinen pigs 
which were killed at approximately the two-hundredth day 

With a view of establishing a relationship between the amount of bacterial 
proliferation (as judged by the number of bacilli in the lymph nodes draining 
the site of infection) and the degree of virulence, smears were made from the 
most caseous of the glands of those pigs which had survived the 200-day period 
The results are given in table 3 

Allowing for the inherent crudeness of this method. no direct relationship 
appears to exist between the number of the bacilli and the virulence for guinea 
pigs. The count was highest in the Hoey Rand Doyle RB strains, which are among 
the less virulent; on the other hand, the lowly virulent 1/37 Rr variants and the 


most virulent strain, Ravenel Rele, had low counts 


Cord Formation 


Study of the growth patterns (figure 2) in the Proskauer and Beek medium 


contaming 5 per cent human serum showed that there was no relationship 


between the degree of cording of these isoniazid-resistant strains and their 


Virulence im mice (table 1) and in guinea pigs (table 2). The cording in the 


TABLE 3 
NoeMBER OF BaciLit in Nopks © Pics wirn 
Isoxtazip- Resisvanry Strains or M. Wien Sconviven vo 


re bx» ov Toe 200 Days 


tra Twherce Number of Exa Field 
lbiamete 
7 
| 
Ravenel RoR - 
Flynn R 2 6 
Cor R | ; 
Hoey R 2 is | 
Doyle R 2 
Mineen R 2 


(ONALTY AND GAFFNEY 


Fig. 2. Proskauer and Beck medium 


5 per cent added serum) cultures of isoniazid sus 
ceptible and isoniazid resistant strains of Wo tuberculo 
tures 


* to show cord formation. All eul 
were three weeks old except the H37Rr culture, which was fourteen days old. (Ziehl- 


Neelsen «tain, x 225 t= Kom H37ReF Ravenel Re. Ravenel 
he R lynn 


' 
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isoniazid susceptible H37 Rv, Ravenel Rv, and Cor strains was no more emphatic 


than that which occurred in their isoniazid-resistant variants Cording in the 


other strains, with the exception of the Dineen BR strain, was also well marked 


The Dineen R strain conspicuously lacked any sign of cording. This was in keep 


ing with the dubious identity of this strain (9) 


Catalase Actwity 


All of these resistant strains were catalase negative as estimated by Middle 
brook’s method (12 


DISCUSSION 


It is evident that the degree of virulence for mice is not necessarily a funetion 
of the degree of isoniazid resistance. All of the eight strains examined in this study 
were resistant to LOO y of isomazid per mi., but four had apparently normal 
virulence for mice. The finding that mice infected with the H387ReN strain, ob 
served for longer than 100 days, eventually succumb would indicate the need for 
caution before describing isoniazid-resistant strains of M. tuberculosis as being 
avirulent for mice 

Hobby, Lenert, and Auerbach (13), using subcutaneous injections in mice of 
an isoniazid-resistant variant of the Vallée bovine strain of M. tuberculosis 
(95 per cent ol the bacilli were resistant to | y, but not to 10 y, of isoniazid per 
mil.) found that there was a substantial increase in the survival time, as « ompared 
with the controls when challenged with the virulent drug-susceptible parent 
strain. In recent work by Dubos, Pierce, and Schaefer (14), it was shown that the 
degree of immunity produced in mice with attenuated strains of VM. tuberculosis 
was dependent upon the extent of the multiplication of the immunizing bacilli 
mm vivo. It may well be that there was greater multipheation of the bacilli of 
comparatively low virulence, used by Hobby and her colleagues, than with the 
highly isoniazid-resistant bacilli used in the present study. Nevertheless, in the 
present study, histologic examination of the lungs of mice sacrificed on the 
eighty-fifth day showed that definite proliferation of the bacilli had taken place 
No quantitative estimation of the percentage of viability of the bacilli in these 
lungs was made. The extensive growth obtained on the solid medium during 
direct drug-susceptibility tests, however, indicated that the number of viable 
bacilli was not inconsiderable. It is unlikely that the use by Hobby and her co 
workers of the subcutaneous route contributed to increasing the effectiveness of 
their immunization 

Elsewhere the present writers have shown (7) that, while guinea pigs infected 
with the Ravenel RvR strain had a Disease Index (10) of '2 yg at four weeks, 
those examined eleven weeks later (105 days after infection) had a Disease Indea 


a0) 
pao 


of only 21.1. One pig which died on the twenty-fourth day had an /ndex of 
This regression of the disease process is also very evident in the current experi 
ment with the Cor FR strain (table 2 Pwo guines pigs died on the thirty-first 
and fifty-first days, respectively, while a third which lived until the end of the 


experiment (192 days) had a Disease Index of only >, 99 
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It ix clear from the findings with the Cox BR strain that much depends upon 
the animals’ inherent ability to withstand the initial surge of the disease so as to 
allow the regression 

In agreement with these findings for the Ravenel ReR strain (7 guinea pigs 
which hed on the eighty third and one hundred and fifth days respect ely 
showed i of 
ever, that, with the Ravenel RoR strain, the disease runs what may be termed a 


"100 and watt There is a strong suggestion, how 


triphasic course. That is, there is a period of advance in the first few weeks fol 
lowed by a riod ol wane and this im turn os followed by it second period oft ad 
vanee. In this experiment, animals killed on the one hundred and ninetieth das 


showed a Disease Index of ©; a9 and ‘roo, and a pig which died on the one 
hundred and forty-second day an Index of So oo. Whether this triphasic type of 
pattern is peculiar to the Ravenel ReR strain, which is originally a bovine strain 
cannot be said, but no evidence of it has been found with the other isoniazid 
resistant strams observed in the present study. [It is possible, however, that an 
even more prolonged period of observation than 200 days might reveal the phe 
nomenon in other strains. With a view to this, guinea pigs infected with 0.2 mg 
of the M37ReN strain are being allowed to survive for an indefinite period. More 
than 200 days after infection these animals are in apparently good health 

Middlebrook, Dubos, and Pieree (15) deseribed the tendeney of strains of M 
tuberculosis virulent for mice and guinea pigs to grow in serpentine cords in liquid 
media containing less than O.OL per cent Tween® 80 or in Tween® free media They 
also observed this tendeney of virulent bacilli to form cords in the brains of mice 
infected intracerebrally and also in the infected yolk saes of chick embryos. In 
the present laboratories, cords of bacilli (as long as 100 w) have also been observed 
oceasionally inurine from patients with genitourinary tuberculosis. Dubos postu 
lated (16) the existence of a surface constituent in virulent organisms which was 
responsible for their virulence and cording 

Bloch re ported (17) that petroleum-ether extracts from young lis mg virulent 
WV. tuhere ulosia, which removed « ording but left the bacilli still viable on repeated 
injection in mice at intervals of two or three days, caused death from vascular 
pulmonary lesions in approximately nine days. Death did not occur with singk 
injections of larger amounts Philpot and Wells (18) failed to confirm these 
findings. In later work Asselineau, Bloch, and Lederer (19 reported this toxic 
factor to be present in older cultures (twenty eight days old) and in chloroform 
extracts of bacilli previously extracted with petroleum-ether. They have also 
deseribed (20) synthetic esters of mycolic acids and p-glucosamine or p-glucose 
which are “cord-factor” active 

Friedmann and Russell have deseribed (21) serpiginous growth of avirulent 
strains im liquid redin contamung chick embryo extract. Hart and Rees (22 


have induced cord formation in 1137Ra by means of repeated subcultures in the 


presence of nonionic surtace-active agents of the polyoxyethylene ether type 


The present findings likewise throw doubt on the importance of this “cord 
factor,”’ which is obviously not absent from the isoniazid-resistant bacilli Were 


it the factor which determined virulence, one would expect unaltered virulence 


‘ 
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for both mice and guinea pigs or, assuming some change in the nature of the 


‘cord factor.”’ decreased irulences for both species Decrensed virulence for 
guinea pigs with apparently unaltered virulence for mice 


Ravenel RvR, Flynn R. Cox R. and Doyle R 


however on this 


as in the cases of the 


strains is not easily explamed, 


SUMMARY 


Phe virulence of eight isoniazid-resistant catalase-negative strains of M 
reulosis investigated ith Thee and wuinen pigs Four the ewht 
were fully 


trains 
virulent for mice, and these same strains were also the most preat Lrengee he 
for guinea pigs, although all strains exhibited attenuation of virulence in guinea 
pigs 

It was found, however, that death from tuberculosis occurred in guinea pigs, 
infected with one highly resistant strain, in a period of initial advance of the 


disease. With another strain, death occurred in a very much later second period 


of advance which followed a period of regression. Other strains showed only low 


virulence as assessed at the end of a 2O00-day period 


One of the resistant strains, a variant of HW37Re, failed to immunize mice 
against subsequent virulent infection 


With the exception of one strain, of dubious identity, all of these drug-resistant 


strains ol V luberculosi showed well marked cord formation eitro 
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donamento in / 
thst Mi 
Etude ouch / lant V / ful 
“tude ‘ ache mia e-re ante he yoobacte am tuberculos | ence } 
che lé ou elle ohaye ela pe t de 1 ‘ ance en cordea) in vitro de he 
fantes a 100 d onianide par ml 
n de | virulence de souches tmontazide tantes et « ilase 
slo té eflectuée chez des souris et de es. Chez ouris 
il i ent tine virulence Maxima, ee rie iches se montrarent 
mat hogwene pour i ‘ que toutes ces sour hes am montreé 
ine attenuation de virulence 
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Toutefoi on a ot ve que chez les cobaves infectés avee une souche de résistance 


trés Glevée, la mort par tuberculose se produisait au cours de la phase initiale de l'évolution 


de l'afleetion Aves ine autre souche la mort produite plus tard 


cours de la seconde phase che l‘évolution suceédant A une phase de régre wien. Selon 
l'évaluation qui a ét A la fin d'une période de 200 jours, les autres souches n'ont 
montré ju une faible virulence 

Une des souches v lernat variante de H 37 Rv, n'a pas réussi A immuniser les sou 
ria contre linoculation ler ilténieure 

A l'exception d'une souche de nature douteuse, toutes les souches ont présente 


la formation de cordes bien m irquées 
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INTRODUCTION 


It) ‘ known that the physiology of the lungs ts profoundly altered in far 
advanced tuberculosis and that important changes take place in the dynamics of 
the lesser circulation. The physiologic changes always bear a relationship to the 
anatomic changes, and the latter have already been studied extensively by differ 
ent me thenls 

In 141, Cournand, Baldwin, and Richards (1,2) demonstrated that, in poorly 
ventilated areas of the lungs, there may be an adequate blood supply but the 
oxygen saturation will be low. Auerbach (3), in histopathologic studies of the 
pulmonary artenal system im tuberculosis, was able to corroborate the classic 
demonstrating predominantly endarteritic lesions. Carvalho also 
stuched the changes in the lesser circulation in cases of tuberculosis by means of 
angiopnenumography. Birkeloand Brosius (5) demonstrated the roentgenographic 
alterations of the lungs in tuberculosis in necropsy specimens. Celis and his 
nesociate H) and Cicero (7) performed the first studies correlating the angio 
pneumographie findings with the bronchospirometric data in pulmonary Cuber 
culosis. Recently Gobbel and Cordon and their associates (8, 4 reported their 
findings on the angiographic changes in bronchiectatic lungs obtained at surgery 
or necropsy, based on the anatomic and physiologic findings present at the time 
of the study. Most of the roentgenographic findings must be due to the anatomue 
changes which the lungs show at the particular time of the observation. There is 
likewise the possibility that the angiographic findings may be due predominantly 
to funetional alterations which are not permanently established. Presumably, 
in many cases i would not be possible to correlate the angiographic findings ante 
and post mortem because of the fact that important physiopathologic alterations 
are present im the lesser circulation 

The opaciheation studies of the pulmonary cireulation, both in the living and 
in necropsy specimen, are not new. The literature does not reveal angiographic 
studies ante and post mortem in the same case, however, nor does it show the 
histopathologic changes in the pulmonary arteries in such cases 

The pathologie alterations in lungs of patients with far advan ed tuberculosis 


with «a severe degree of parenchymal destruction, fibrosis, or extensive caseo 


pretirorin disease represent extreme conditions which produce total change of 


the circulatory and ventilatory functions. Reeently reported anatomic and angio 
graphic findings by Celis and associates (6) and Rimini and others (10) indicate 
the fact that such changes may have not only an anatomic basis but a physio 


log Ths well 
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The reports of Jacobaeus and Brie 1] with data on the funetion of an 
isolated lung. and those by Dirken and Heemstra (12) show that the blood 
flowing through poorly ventilated areas is diminished, being deviated to better 
oxygenated areas. This concept is in opposition to the iews expressed by 
Cournand and co-workers 

It is also interesting to point out the views expressed by Bjork and Salén (13 
and Carlens and associates (14 These investigators believe that the angiogram 
of the pulmonary vessels represents the efficiency of the lungs as a gaseous ex 
change mechanism. Hence, if the anatomicopathologi changes are re ~ponsible 


for the angiographic findings, the opacification ol the vessels in the necropsy 


specimen should overlap the image obtamed during lite. On the other hand, it 


it were possible to demonstrate the presence of relatively tnportant irterial 
branches in the necropsy specimen which had not been presented during life, as 
demonstrated by the angiogram, it would be possible to conclude that such 
differences are due to a physiopathologi mechanism. The histopathologis ex 
amination of the vessels in the necropsy specimen could be an aid in such a study 

With these ideas in mind, the writers have studied the arterial circulation by 
means of angiography in 20 patients with far advanced tuberculosis, 4 apparently 
normal persons, and in one patient with bronchiectasis. The 5 last-named sub 


jects were included in order to make comparative studies 


MATERIALS AND METHODS 


Phe study was made in patients with far advanced pulmonar tubercule 
them eritieally il, thin, and emaciated, All of the patients represented poor rm 
treatment and had litthe hope of attaming satistactor sults on medical treatt 
vere all studied elimieally and, after a roentgenogram was obtamed, the pulmo 
tion Wie opacihed by means of The catheter was intro 
right heart chambers through the external jugular vein. In the experiences 
this procedure has given the best contrast in the majority of unt 15, 16 
there an elinteal of post-mortem ¢ vidence which would indicate that the 
was attributable to the method emplo ed 

Twenty of the patients studied died a few days after admission to the hospit 
died of far advanced pulmonary tuberculosis. At necropsy all of the respirator 
extracted “en bloe« ind extrapleurall ince in most of the patients grant « 
pleural idhestons were present The heart w also extracted, together with 
order to allow a better comparison between the ante. and post mortem angiog 
pulmonar arter next ligated longitudinal was made in order 
most of the blood and clots which might have remained in the arterial tree 
have made the interpretation of the angiograms difficult. In all of the cases, nee 
performed within twenty four hours after 1 order to obtain unaltered specimen 
sultable for the stud deseribed by Tompaett (17 

the patients reported in this study, only one died twenty four hours after being ad 
mitted to the hospital; one died forty five days after admission; and the remainder died 
within the first fifteen « It should be emphasized that all of the patient 
Hl and had little or me ope of survival, even though all measure cere take 
therapy with strepton acid (PAS), and tmontazid 
immediatel ifter adn ‘ he hospital 

Resection of pulmon j sas performed in ent rel the 
mens were studded in 

Phe specimens obtaines surgery or 


a catheter was introduced 1 trachen, and the nig 
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ofa preumatic machine up to the pout where the approximately natural size was obtained 
Boon after this procedure w completed barium solution was injected, under opie 
control, into the trunk of the pulmonary artery and until the finest visible branches had 
been filled. Several roer (genogrames were then taken and compared with those obtained 
during life. The specimens were then studied histopathologically, with special attention to 
thome site shich showed the most marked alterations particular the arteries 

All of the angiograms were also compared with normal ones, of both the living and the 


cadaver, in order to differentiate between the normal and pathologi 
KESULTS 


Ingiography: The most important angiographic findings in patients with far 


advanced pulmonary tuberculosis corroborate those of previous works by Celis 


Case 21 
vear old male patient with far advanced caseocavernous tuberculosis 
Angrogram taken on September 27; necropsy on October 6. Diminished circulation is 


shown im both upper ves 
KB. The arterial tree is diminished and the arterial branches are thin 
(’. Microfilm showing obliterating endarteritis. The lumen is greatly diminished: some 


erythrocytes may be seen 
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Fic. 2. Case 26 
A.M 42-vear- old male patient with miliary type of tubers tilosis 
1. Angiogram taken on August 6; necropsy on November 6. Hematogenous tuberculosis 
the angiogram is normal, bronchospirometry shows diminished oxygen consumption of the 
left lung 


B. Normal arterial tree was seen in the necropsy specimen 


and associates, Carvalho (4, 6), and others. The opacification studies of the 
arterial tree showed that the roentgenographic changes were present in both the 
fine peripheral branches and the larger pulmonary arteries. The changes were 
similar to those found in necropsy specimens, as described by Birkelo and 
Brosius (5 


The roentgenographic alterations which were observed in the ante- and post 


mortem studies can be summarized as follows: 


There was diminished arterial circulation at the periphery, especially in 
lesions of recent origin 

There was an absence of relatively large caliber arteries, segmental or sub 
segmental 

There was thinning and diminution of the arterial tree in segmental or sub 
segmental areas 

Several lobar and segmental arteries of a relatively large diameter were 
absent in a number of cases, and there was a complete absence of the main 
artery on one side 

In extensive destructive forms with large cavities, there was a complete 
change in the normal architecture of the arterial tree, together with the presences 
of thin and flexuous branches surrounding the wall of the cavities 

In residual forms, after collapse therapy, the arterml tree was found to le 


flEexuous ind int mesh irangement 


? As oblique studies were not made. it was not possil le to exclude the promsibalit that 


these changes were a consequence of the distortion by tibrothoras 
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In the hematogenous formes of tuberculosis, there was a normal distribution 


in the anatomic pattern of the arterial tree 


Pathologu anatomy The histopathologic studies showed those characteristic 


lesions of obliterating endarteritis, especially in the arterioles and capillaries, 


hia 3. Case 


019 year old male patient with far advanced pulmonary tubereulosi 
1 Angiogram taken on February 12; necropsy on Apnl 22. Absence of arterial tree ma 
be noted in the left lung, diminished in the mght upper lobe 

BA few branches of the pulmonar urtery may be seen on the left lung and at the nght 
tipper 

( Topographic microfilm showing ean ilized thromboangutis, proliferating endarteriths, 


pulmonary sclerosis ind pulmonary infiltration (left lung 
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Pia. 4. Case 


12 vear- old female patient with far advanced pulmonary tuberculosis and cor 


pulmonale tatus post thoracoplast 

1. Angiogram taken on July 30; necropsy 
ire dilated. The arterial tree is greatly diminished on the right 
be seen in the left lung. The eavity on the right lung t ue 


on September 14. The right heart chamber 


Kk. Normal artertal tree ma 
rounded tb thin and flexuow vessels 
Microfilm showing hyperplastic subintimal angiitis. Adventitious lerosis surround 


ing the alveol which show at pe of right lung 


In addition, the following 


in Which the angiographic changes had been found 


observations can be summarized 


tenes orm a normal parenchynis 
yes we the media of severn irteries without 
wecompanyving Inflammatory process in the surrounding parenchyma, whict 


are | to be norms 
Obliterating endarteritie changes were present in both the irteries 
ind in the bronchial artenes un the cases of tuberculosie 


Several artenes were found to have | i in a portion of them wall 
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in Clase proximity with a tuberculous lesion; these arterial lesions were designated 
focal 

There was atheroma of the main pulmonary arteries; several of these vessels 
showed arteriosclerotic changes, mainly in cases of pulmonary fibrosis of long 
duration (from two to three years) and in young patients 


In several cases there was thrombosis in the main pulmonary arteries 


4 


Fic. 5. Case 29 


(. A., an 1S year old female patient with far advanced pulmonary tuberculosis 
1. Angiogram taken on February 2; necropsy on February 5. Angiogram shows absence 
of the arterial tree in the left lung and shows it diminished in the right upper lobe 
BR. The specimen shows a few branches on the left lung. There are a few small and flexuous 
vessels surrounding the cavities. In the right tipper lobe some thin branches are seen 
(. Microfilm showing subintimal sclerosis of the left pulmonary artery. The lumen is 


seen below 
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In cases of extensive caseopneumonic and caseocavitary disease, there was 
a profound alteration in the normal architecture and distribution of the arterial 
tree in both the ante- and post-mortem angiograms, which were found to be 
similar. In these cases, the histopathologic changes were those described as 
endarteritic and hyperplastic. It is interesting to note, however, that some of 
the arteries did not show lesions even though located in diseased parenchyma 
(Cases 1,8, 15, 19, 21) (figure 1). 

In miliary tuberculosis, there were no differences between the ante- and post 
mortem angiograms, which seemed to be normal. There were no histologic 
changes in the larger arteries but the terminal arterioles and capillaries showed 
endarteritic types of lesion. One patient died with fatty degeneration of the 
liver, one with tuberculous meningitis, and one with hemorrhagic pulmonary 
infarction (Cases 16, 26, 28) (figure 2) 

In some cases there were visible angiographic changes in the small peripheral 
branches in the necropsy specimens which were not present in the angiograms 
obtained during life (Cases 2, 4, 5, 10) 

The patients with tuberculosis of long duration showed arteriosclerotic types 
of change in the segmental and lobar branches. Atheroma was also present in 
the left pulmonary artery of a 19-year-old patient (Case 5, figure 3) and in 2 
other patients with marked thickening of the pleura and history of pneumothorax 
failure 

In some patients with far advanced bilateral tuberculosis, in a case of a 
fibrothorax in which a resection was done, and in 2 cases of residual cavities 
after thoracoplasty, there were appreciable differences between the angiograms 
taken during life and those of the cadaver 

In these cases it was not possible to visualize several of the arteries which were 
opacified in the specimens obtained either at surgery or necropsy (Cases 17, 
40, 29) 

The histopathologic study showed the presence of predominantly hyperplastic 
types of lesion in those arteries located in close proximity to a tuberculoma. In 
one case, that of a 22-year-old patient, in addition to the hyperplastic type of 


jesion, arteriosclerosis was present (figures 4 and 5). 


DISCUSSION 


With respect to the reading and the interpretation of the angiograms, it should 
be mentioned that there are a number of sources of error which were taken into 
account. These included less contrast of the opacified arterial tree in the diseased 
lung; overriding images, mainly the thoracic wall, which may hide vascular 
shadows; the pressure in which the contrast substance was injected into the 
arterial tree in the lungs at necropsy, which was undoubtedly quite different 
from that under which blood flows through the lungs (and consequently not a 
physiologic mechanism); and changes in the position of the lung as a result of 
fibrotic changes in pleura and lung. Attempts were made to control all of these 
factors whenever possible 

Nevertheless, there were perfectly clear-cut differences between the ante 


mortem and post-mortem findings. In some cases these differences might have 
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Fia. 6. (Nontubereulous bronchiectasis of the left lung 


Broncehogram demonstr sting the lesions 
Angiogram showing decapitated left pulmonary arteries 
Normal arterial tree in resected lung 


Angiogram taken on August 25 pneumonectomy performed September 4 


been due to purely physiologic mechanisms, inasmuch as some of the blood 


Vessels not seen during life were visualized in the necropsy specimens. Moreover, 


in these cases there were either no marked histologic changes or, if present, they 


were of a focal hyperplastic type. [It was concluded that such differences were 


due to a physiologic mechanism, as was also true in a case of nontuberculous 
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bronchiectasis in which there was complete absence of the arterial branches 
before pneumonectomy and a normal arterial tree, from the angiography prorat 
of view, in the surgical specimen (figure 6 

In most of the tuberculous, stenosis and deformity of the bronchi were noted, 
and bronchiectatic changes were present in some 

In far advanced tuberculosis, the pulmonary circulation is greatly altered 
because of the fact that there is a wide destruction of a great portion ol the arterial 
tree. On the other hand, it is possible that in the lungs with poor ventilatory 
mechanisms, the alveolar ventilation, also greatly enhanced, may add a stress 
upon the circulation. This point has been expressed by Dirken and Heemstra 
(12), namely, that the blood flowing through poorly ventilated areas is also 
diminished 

In the CUSECS I which bronchospiromet ric studies were done and whi hh showed 
no oxygen consumption, the angiopneumography showed absence of vessels, 
but at necropsy several branches could be seen. A case in which the oxygen con 
sumption was greatly diminished appeared to have more easily demonstrable 
vessels in the necropsy specimen than in the angiograms obtamed during lite 
(C‘ase 17) 

In patients with far advanced pulmonary tuberculosis, with caseocavernous 
disease and fibrosis, the blood flow is either greatly diminished or absent, as the 
vessels are either completely or partially obliterated. This has been denon 
strated by means ol angiography in both the living and the cadaver. ‘The pul 
monary hypertension seen in these patients may be due to a secondary type ot 
pulmonary change, such as emphysema or that produced by collapse therapy of 
long duration. Changes of this type were observed in 2 patients in whom hyper 
trophy of the right heart chambers and the trunk of the pulmonary artery was 


present, as described by Ackerman and Kasuga (18) and Cournand, Richards, 


and Maier (19). In these 2 cases there were signs of anoxia, which also can pro 
duce pulmonary hypertension (20 

It is also important to consider that the arterial changes in lungs of patients 
with nontuberculous bronchiectasis are of the degenerative type as opposed to 
the changes found in tuberculosis, which are of the hyperplastic type 

The substitution mechanism by way of the bronchial arteries (21) ts not 
feasible, since these arteries are also found to be obliterated in far advanced 
tuberculosis 

stUMMAKY 

\ study of 20 patients with advanced pulmonary tuberculosis was made. Tn 
20 of the patients it was possible to visualize the pulmonary arterial tree ante 
mortem and post mortem by angiography and to correlate the findings with the 
relevant histopathologi findings 

In some cases, the angiopneumographic findings have an anatomie foundation 
and vascular deficits observed during life could also be demonstrated in the 
cadaver and were accompanied by several clear-cut pathologie changes in the 
arteries 

In other cases the ante- and post-mortem angiographies showed remarkable 


differences; in the lungs of these patients the secondary vessels frequently showed 


ns 
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global hyperplastic or localized changes of the wall. In the main arteries, 
atheroma was frequently seen 

In generalized hematogenous tuberculosis, the ante- and post-mortem angio- 
graphic images matched and showed a normal pattern. In these circumstances, 
there was no pathologic change in the large arteries. 

In cases of large cavities, there were arteries with hyperplastic arterial altera- 
tions which were not visualized during life 

It is believed that the differences observed between the ante- and post-mortem 


angiographies represented the consequences of abnormal physiologic changes 


during life and were not due to a purely anatomic cause. 


SUMARIO 


La lagiografia del irlerial Pulmonar on la Tule reuloaia Pulmonar Inles Des pur 
de la Muerte 

Kate extudio comprendié a 20 enfermos que tenian tuberculosis pulmonar avanzada en 
40 de ellos fué posible visualizar con la angiograffa el Arbol arterial pulmonar antes y después 
de la muerte v correlacionar los hallazgos con los datos histopatolégicos pertinentes 

ken algunos casos, los hallazgos angioneumograficos poseen base anatémica y los défieits 
vasculares observados durante la vida pudieron también ser descubiertos en el cadaver 
vendo acompafiados de varias alteraciones histopatolégicas bien definidas en las arterias 

bon otros casos, las angrografias tomadas ante. post mortem revelaron notables dife 
reneias: en los pulmones de estos enfermos, los vasos secundarios mostraron frecuentemente 
iteraciones hiperpldsicas globales o localizadas de las paredes. las arterias principales 
notéwe a menudo ateroma 

la tuberculosis hematégena generalizada, las angiograficas de antes des 
pudés de la muerte eran iguales y revelaban un patrén normal. In esas circunstancias, no 
habia alteracién histopatolégica en las arterias grandes 

Ion lox casos de cavernas grandes, hubo arterias con alteraciones hiperplasteas que no se 
habian visualizado durante la vida 

Parece que las diferencias observadas entre las angiografins de anies y después de la 
muerte representaban las consecuencias de alteraciones fixsiolégicas anormales durante la 


vida v no se deblan a catwas puramente anatomicas 


RESUME 


Ingiographie ante mortem et poat mortem de Uarbre artérvel pulmonaire dana la tuberculose 
au stade avanc: 

Etude effeetuée chez 20 malades atteints de tuberculose au stade avaneé. Chez 20 des 
malades il a été possible d’obtenir par langiographie une image de l’arbre artémel pulmo 
naire ante mortem et post mortem et d'établir une corrélation entre les images et les mani 
festations histo pathologiques pertinentes 

Dane certains cas, les signes angio pneumographiques ont une base anatomique et 
l'insuffixance vasculaire observée durant la vie pouvait également étre démontrée sur le 
cadavre, elle s’associait A plusieurs lésions bien définies au niveau des artéres Dans d'autres 
cas des différences remarquables étaient observées entre les angrogr iphies ante et post 
mortem: dans lex poumons de ces malades, les vaisseaux secondaires présentaient souvent 
les iltérations hy perpl globales ou des lene alisdes de ln para Dans les artéres 
prineip sles, Vathérome était fréquemment observe 

Dane la tuberculose hématogéne généralisée, les images angiographiques ante et post 
mortem étaient comparables et présentaient le type normal Dans ces cireonstances, il n'y 
avait aueune modification pathologique des artéres principales 

Dans les cas avec cavernes importantes, certaines des artéres présentaent des altérations 
hyperpl qu navarent été constatées pend int la vie 

Les auteurs croient que les différences observées entre les angiographies ante et post 
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mortem représentaient les conséquences de modifications phystologiques anormales, durant 


la vie, et n’é@tarent pas umputables A une cause uniquement anatomique 
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ON THE DYNAMICS OF THE LUNG’S CAPILLARY CIRCULATION’ 
I. The Mechanical Factors 
J. GARCIA RAMOS 
(Received for publication November 19, 1954) 


INTRODUCTION 


In studies on interchange of fluid or substances across the capillary walls, it 
is usual to consider the caliber and pressure in the vessels as steady over long 
periods of time. This supposed constaney is necessary for the calculations ot 
measurements of the capillary permeability, but it can give a wrong pieture of 
what really is happening 

There are many references in the literature to the variability in capillary 
pressure (1). For the lung, there are the observations of Hall (2), MacGregor 
(3), and particularly those of Wearn and associates (4). All of these writers ob 
served changes in the rate of flow, but their observations were either not inter 
preted or, as in the case of Wearn and associates, the variations in pressure were 
believed to be due to active constriction of the capillaries 

The present study was undertaken with the aim of looking for some pecu 
liarity in the circulation, comparing well with poorly ventilated areas, which 
could serve as a basis in support of an explanation of the known fact of the 
localization of tuberculosis in certain areas of the lung 

In a previous paper from this laboratory (5) on the capillary permeability in 


the rabbit’s lung, some observations were made indicating that caliber and 


pressure in the lung capillaries can change passively in some conditions. The 
present paper deals with the analysis of those results and of some direct micro 


scopic observations of the lung capillary cireulation in anesthetized rats 


METHOD 


The previous observations cited above were made on isolated perfused rabbit's lung in 
which pulmonary edema was induced to the degree of having a regular flow of fluid through 
the trachen 

The direct observations were made on rats anesthetized with Nembutal” (40 mg. per 


kg. of body weight) intraperitoneally. The method was essentially that of trausillumination 


described by Hall (2). Through an opening on the abdominal wall a cone shaped condenser 
made of Lucite and bent at a right angle very near its pointed end, was introduced into a 
place just below the left lateral side of the diaphragm. Then with the animal lying on its 
right side, a window was opened on the opposite side of the thorax about the middle of the 
axillary line and at the base of the lung. Through that window the fibers of the diaphragm 
were dissociated The bent end of the Lucite condenser was then introduced in such a way 
as to let it go through the fibers of the muscle intoa place where it was almost parallel to the 
costal wall. The window was then closed with a glass microscopic slide attached with a rod 
to the table. The whole animal, tied to a metal plate, could be laid over the stage of a bin 
ular roscape 

At the moment of the observation the lungs were immoblized by inflating them partially 


with a steady flow of oxygen through the tracheal cannulae. An opening of variable diameter 
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was used to regulate the amount of inflation of the lung. If the lower edge of the left lung is 
caught between the surface of the Lucite condenser and the glass slide, it is possible to have 
a lung preparation, reasonably thin, in which the capillary circulation ean easily be seen 
through the microseope 

The light source was a low voltage, high amperage lamp, such as those used in dark-tield 
microscopy. It was placed at some distance behind the wide base of the conical Lucite eon 
denser, Sometimes a green filter was interposed between the lamp and the condenser; this 
gives better contrast in rvitig the ervthrocytes The magnification employed was 
diameters 

If the animal is kept slightly overventilated by an artificial respirator, then, when the 
shift is made to the oxygen, there is a period of approximately three to five minutes in which 
there is practically no movement of the observed lung. Sometimes there are movements duc 
to respiratory efforts of the animal, but they are so slight that it is possible to continue the 
observation without too much unfocusing of the preparation 

On many oecasions, however, the reduction of the created pneumothorax made during 
the preparation gives an opportunity to observe a lung in an animal which breathes by it 
self. The thoracic cavity being closed, the negative pressure inside is enough to maintain 
the lung between the condenser and the gl iss side 

\ comparison between such preparations and those in whieh the lung had to be inflated 
did not show any significant differences, except in those in which the degree of inflation was 
over certain limits 

Cinematographical pictures were taken through one of the eyepieces of the microscope 
while looking and focusing through the other. The camera used was a 16 mm. Bolex Paillard 
loaded with Super Kodak film 


KESULTS 
Observations Made tn the lselated Perfused Lung 


An observation made by other investigators was confirmed, namely, that a 


dye introduced in the pulmonary circulation in the intact animal stained the lung 


very irregularly. In other words, the dve was distributed to the lung tissue vers 
unevenly. This happened also in the isolated perfused lung kept at room tem 
perature In these last conditions it may be assumed that any vasomotor activity 
is excluded 

\ sudden increase in the perfusion pressure was immediately followed by a 
reduction in the amount of fluid flowing through the trachea and only later mauve 
an increase in flow which was directly proportional to the changes in pressure 
(figure 

Phere was a great discrepancy between the effeets of changing perfusion pres 
sure and those due to a similar change in pressure at the venous side. An increase 
in hydrostatic pressure at the venous side produced an inerement in tracheal 
flow from five to ten times that caused by the same increase of pressure at the 


arterial side of the system (see the right branch of curve in figure 1 B 


Observations Under the V icroscope 
The observations made by other investigators, particularly those of Wearn 
and associates (4), were confirmed as follows 
The number of open” capillanes vaned from time to time. open capillaries 


ire meant those which ar isible with blood cireulating through them 
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Fic. 1. A. Relation between the amount of fluid flowing through the trachea with the 
variations in the perfusion pressure. Isolated, perfused rabbit's lung preparation, Abscis 
sae: number of drops per minute. Ordinates: height of the level of perfusion fluid in the 
reservoir in centimeters 

B. Variations in the amount of fluid flowing through the trachea, in the same preparation 
as in A, changing the pressure at the venous side. Abscissae: drops per minute. Ordinates 
height of the free end of the tube in the left auricle referred to the pulmonary hilum. The 
three lines at the left side are the values obtained with three different perfusion pressures 


triangles, 25; crosses, 1); and dots, SO) em. of water 


The velocity of the cireulation was not the same in all capillary vessels. In some 
of them it was very high; in the others it was possible to see all the degrees of velocity, 
including zero 

If the observed lung did not move for a few minutes, it was possible to see that 
the rate of flow of blood in the observed field tended to decrease. If the lung was 
permitted to deflate and inflate again, the primitive rate of flow returned, even in 


those vessels in which the flow had stopped and which seemed to be empty 


The velocity was not constant in a given capillary. With respect to velocity, 
there were two types of change. One was evidently due to lung movements The 
velocity of the cireulation increased during the collapse of the lung and de- 
creased when it was distended. It was not seen in all capillaries. In fact it ap 
peared in just a few of them but, where it was visible, it was very clear Further 
more, it was the usual change, although sometimes the opposite was seen. Not 
infrequently in the same field, there were some capillaries in which the rate of 
flow was increasing, and some in which the flow showed a decrease due to the 
collapse of the lung 

The other type of change was an unpredictable one, It was the only one ap 


parently seen by Wearn and associates (4), and to which they gave much im 


portance Nevertheless, contrary to their observations, the changes did not seem 
to be correlated by corresponding changes in caliber (see below) 

In the present experiments, the direction of flow was not constant. As Wearn 
and associates pointed out, the velocity of the blood can decrease to zero and 


the flow may start again in the opposite direction 
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Fig. 2. Passive changes in the caliber of the pulmonary capillaries with different degrees 
of inflation of the lung. Photographs taken from the same field at two different moments in 
the respiratory ecyele 

1. During expiration. B. During inspiration 


In the present study, contrary to the observations of Wearn and associates, 
the walls of the capillaries were easily seen even in the vessels which appeared 
empty of blood (figure 2). When the lung was not too inflated, they appeared 
as narrow grooves over the surface of the air sacs, giving the appearance to the 
alveolt of being tied tightly by several turns of a cord. This observation did 
permit establishment of the fact that, when a capillary vessel empties itself of 
blood, it is not due to a contraction of its walls or to a reduction of its caliber 
of some other kind 

In fact the caliber of the lung capillaries was very constant although there 
was some kind of deformation with the lung movements. If the lung was too 
inflated, the capillaries appeared wider, but it was easy to see that this change 
was due to a certain degree of flattening. The grooves on the surface of the air 
sacs appeared less deep than in the collapsed state of the lung (compare A with 
B in figure 2 
In some observations the animal was killed by occluding the trachea with a 


forceps. Even in the late stages of asphyxia, it was not possible to observe changes 


in the caliber of the capillaries In these cases what was seen regularly was that 
the capillaries emptied themselves but not by contracting, as Wearn and asso 
clates suggested. 

In general, MacGiregor’s (3) observations were confirmed, that there is no 


evidence that capillaries change in caliber during a vascular change in the lungs 
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DISCUSSION 


Since 1930, Swindle (6) has called attention to the fact that mechanical 
factors must contribute greatly to the capillary circulation That different degrees 
of piezometric, or Venturi action,” play a part in the lung vessels is evident from 
the present observations 

The amount of fluid passing through the alveolar-capillary wall depends, as 
was shown by Garcia Ramos and associates (5), on the difference in hydrostatic 
pressure inside and outside of the capillaries and on the magnitude of the filtrat 
ing surface. Oncotie pressure is not a factor in experiments i which Ringer's 
eolution is used as a perfusing fluid 

Changes in the amount of fluid which flows through the trachea are due 
therefore to corresponding Variations inh one or both of these factors: hydrostatic 
pressure in the eapillaries and number of capillary vessels open to the circulation 
Active constriction of the vessels does not complicate the results, it is believed, 
since the observations were made in the isolated lung and at room temperature 
(16° to 20° © 

If the vascular system of the lung ts considered as a simple hydrostatic system, 
then the result of increasing the pressure at the arterial side would be the same 
as that of an equal increase at the venous side. That this is not the ease ts shown 
in figure | 

Increasing the pressure at any end of the system changes two factors: the 
hydrostatic pressure, which in turn changes the vessel’s diameter (as blood 
vessels are distensible structures and the velocity of flow in the capillary vessels 
The observation of irregular staming of the lung shows the existence ol short 
circuiting routes 

It ix clear that, in these so called anastomosing channels, the velocity of flow 


will change more than im any other vessels In the collateral channels the degree 


of piezometric effect, ot Venturi action, will be a funetion of the rate of flow in 


the anastomosing capillaries, being greater when that velocity is greater There 
fore, the hydrostatic pressure In the anastomosing capillaries will tend to change 
by this mechanism. This ts how the writer interprets the results illustrated by 
the right branch of the curve in figure 1B. An ierease in the pressure af the 


* The prezometru effect, or Venturi action, is the pressure change exerted upon the walls 
of a tube in which a fluid is flowing und depends mainly on the velocity of flow. The pressure 
varies inversely with the rate ot flow. If the velocity energy tmereases at one port the 
pressure energ) it that pout will decrease proportionally other factors being equ il 

This is the appleation of Bernouilli’s theorem which states that the sum of all forms of 
energy in a closed wulie system is constant and the same at every point. Bernot illi’s 
theorem represents in hydraulics the more general principle stated by the first law of ther 
modynamics or the law of consery sation of energy 

In a collateral ve seel the prezomet ri effect will depend also upon the way in which the 
vessel is connected with the main tube. Uf it is tilted toward or away from the flowing stream, 
the pressure will be different. In the first case part of the velocity energy will add to the 
lateral pressure und in the seeond ease it will subtract from it. The maximum v slue will be 
attained when the opening of the collateral ts turned directly agaist the flowing stream 


In that case, the pressure re orded i the sum of the pressure ind velocity energies 
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venous side slows the rate of the circulation, and the magnitude of the Venturn 
action on the collateral capillaries is correspondingly reduced The hydrostatic 
pressure in them increases more than in the case in whieh arterial pressure ts 
the one which is increased 

The present interpretation is supported by the observations of Haddy and 
Campbell (7), who found in the dog a decrease in pulmonary vascular resistance 
when pulmonary venous pressure was elevated. This is true, however, for ele 
vated venous pressures. For lower values, such as the normal ones, the ealiber 
of the capillaries or, in other words, the pulmonary vascular resistance is com 
pletely independent of the pulmonary vein pressure (see the left’ branches in 
figure 1B 

According to the interpretation presented here, changes in number, rate, and 
direction of flow in the capillaries, if thev are not associated with active changes 
in caliber, are evidences that the velocity of blood flow varies also in the anas 
tomosing vessels. This in turn strongly suggests that in normal conditions the 
tone of the arterioles changes also from one moment to another 

If the interpretation ts valid, it follows that all caliber changes in the capil 
laries ure probably Passive The observations of Wearn and associates on the 
cleaning or emptying of a capillary of erythrocytes and on the changes in rate 
and direction of flow were interpreted by them to be produced by capillary wall 
contractions or constriction at their ostia. As was shown above, all of these 
changes are not associated w ith corresponding ‘ hanges in caliber. One os tempted 
to say that any change in caliber occurs, under ‘normal conditions, merely as 
the passive effect of a variation in hydrostatic pressure 

Wearn and associates failed to distinguish the capillary walls. This may be due 
to the fact that their observations were made through the parietal pleura Phe 
interposition of that membrane ean suffice to blur images seen through the 


microscope and, indeed, such a blurring Was present in the first attempts of the 


present writers to repeat the observations of Wearn and associates Another 


possible factor could be too much gas pressure within the air sacs. The inter 
pretation presently given to the phenomenon of the emptying ola capillary 
vessel is very simple Since it appears under conditions evidently asso ated with 
a reduction in hydrostatic pressure, the exchange of fluid through its wall will 
be in a direction from outside toward its lumen. This current of fluid may be so 
great as to clean the vessel of erythrocytes 

The present data give a strong basis to the existence of arteriovenous atias 
tomoses ol physiologi Importance, lor whi h there Wits already good fatiatornsy 
evidence in the case of other tissues (S, 9 The phy sologie importance of these 
anastomoses in the Jung is clear. They contribute to give an intermittent char 
acter to pulmonary circulation and thus to maintain the great capacity of the 
vascular bed through the normal alternation of the circulation in different regions 
of the organ. This also explains why it is not necessary for a great vasomotor 
apparatus to obtain a satisfactory regulation of blood flow in the pulmonary 
vascular system 

Phe present results are in agreement with the observations that blood flow os 
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emall through lung regions which show the least movement. Furthermore, in 
such regions, not only the amount of blood passing through is decreased, but 
the rate of flow tends to be slower and may produce a stasis of erythrocytes or 
of any other particles suspended in the plasma The opposite condition is also 
true. Lung movements favor circulation and consequently the pulmonary gas 
exchange 
It ix known that vasomotor mechanisms are very poor in the lung (10, 11, 12 

It has not yet been established whether chemical control of pulmonary vessels, 
through changes in the composition in the inspired air, has some importance 1 
physiologic conditions. The observations of the present study tend to emphasize 
the possible importance of the mechanical factors for the normal regulation of 


the circulation in the pulmonary vascular system 


SUMMAKY 


Some observations are described on rabbit's isolated Jungs perfused with 
saline solutions and on the capillary circulation of the lung im sifu on anesthe 
tized rates 

It is concluded that there are anastomosing vessels between arteries and 
veins or short-circuiting routes in which the blood flow is faster. There is a cer 
tain degree of piezometric effect or Venturi action’ on the collateral vessels which 
is dependent on the velocity ot flow in the main channels 

Under the microscope the capillary circulation shows the intermittence in 
blood flow previously deseribed by several writers but it also shows that lung 
capillaries do not present active changes in caliber. Whenever present, the 
changes are passive 

Lung movements have a definite role in activating the capillary cireulation 
These observations give a firm basis to the idea that the poorly ventilated regions 


of the lung, because of a slower flow of blood. are the favorable sites for the stop 


page within the capillaries of foreign particles, such as tubercle bacilli, when they 


are bemg carried in the circulatory system 


SUMARIO 
Sobre la Dindmica ¢ le irculacion Pulmonar 1. Los Factores Vecdnicos 


Se dese rile obeervacrones he ‘ has en pulmones de conejo perfundidos con solu 
c1ones alin che la eure ul al del pulmén in sifu en ratas anestesiadas 
Be coe luye h le entre arterias Vy venas, © Vines de corto ircuito 
por los «jue la sangre cire ula rapid amente ken los Vases olaver sles hay cierto gr ido de etecto 
piezométrieo, oO accion Venturi, que depende de la velocidad de circulacion en los vasos 
ipales 

Las observaciones il microscopio de la cireulacién capilar idemdés de mostrar las inter 
mitencias ya descritas por otros autores, muestran que los capilares pulmonares ho son 
asiento che ‘ ambios activos en su ¢ alibre Todos los cambios eon il pares erp 

movimeinto del pulmon desempela un p ipel bien definido ace lerande la cireulacion 
Estos resultados proporcionan una base firme a la idea que las partes menos nen ventiladas 
del pulmeon por tener una ¢ irculacion mas lenta, son mas favor ibles para la detencron en los 
vVasos ¢ apil ures cle parte ulas extrafas, como low bras jlos tubverc tlosos, cu indo son llevados 


por la corriente sanguines 
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MI 
1 propos de la dynam que de la cir slation capillaire du poumon 1. Les facteurs mécaniques 


Description de quelques observations faites chez des lapins sur le poumon tsolé perfusé 
avee des solutions salines et, chez des rats anesthésiés, sur la circulation ecapillaire du 
poumon in 

Les auteurs concluent A la presence de vaisseaux an wtomotiqjues entre les artéres et les 
veines ou de voies en court-circuit dans lesquelles la circulation est plus rapide. Les vais 
seaux subissent un certain degré d'effet piézométrique ou action de Venturi dépendant de la 
Vitesse de la ere ul sanguine d les prim 

Sous le microscope, la circulation capillaire montre l’intermittence de l’6eoulement du 
sang précédemment décrit par plusieurs auteurs, mais elle montre aussi que les capillaires du 
poumon ne présentent pas de changements de calibre actifs; quand ils existent tls sont pas 
sife 

Les mouvements du poumon ont un réle défini dans la stimulation de la circulation capil 
laire. Ces observations confirment la notion que les segments pulmonaires mal ventilés sont 


en raison du ralentissement de la circulation sanguine, des lieux favorables A l'arrét de 


particules étrangéres dans les ¢ ipillaires, tels que les ba illes tubereuleux quand ils sont 


emportés dans le systéme circulatoire 
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INTRODUCTION 


It is generally recognized that the extent of tuberculous pulmonary disease 
which ix seen on the roentgenogram does not always correspond closely to the 
extent of disease which is found at operation or when the lung is dissected. This 
has been mentioned by Newell and associates (1) and by Steele and co-workers 
(2). It is also known that, in an area of lung which appears to be normal macro- 
scopically and on roentgenography, very extensive disease may be found on 
histologic examination 

Accordingly, it was decided to examine a number of resected specimens macro- 


seopically and histologically in an attempt to discover: how closely the roent 


genographie appearances corresponded to the extent of the disease found macro 


seopically, and how much microscopically demonstrable disease was present in 
that part of the resected specimen which was judged to be normal on roent- 
genogram and on macroscopic examination 

The present study deals, therefore, with material which shows how misleading 
a normal chest roentgenogram may be and further shows that quite extensive 
tuberculous disease may be found microscopically in lung tissue which appears 


normal by inspection and palpation 


Review of the Literature 


During the past ten vears since surgical specimens have been available for study, 
there have been many reports of such studies published. The knowledge derived 
from most of these studies (4-6) ws not pertinent to the points studied in this paper, 
dealing as they do with the importance of cavity formation, tuberculous bronchitis 
and bronchostenosis, and the effect of chemotherapy on the rate of healing of the 
dlisease 

At the same time, there have been many reports of the improvement in the results 
of surgery since chemotherapy has become available and has been used before and 
after operation. Cuthbert (7) reported 101 patients who had resections for pulmonary 
tuberculosis. Most of these patients were operated upon between January, 1949, 
and December, 1952. In his article he states that chemotherapy for two months before 
operation is adequate although the necessity for sanatorium treatment is ree ognized 
The results in 32 cases, however, were considered “poor.” Brewer and his colleagues 
(8) report greatly improved results since the institution of long-term chemotherapy 
hefore operation. They continued chemotherapy for at least four months and often 
for twelve months. They consider that the improvement resulted from the fact that 
chemotherapy prevented the proliferation of the bacilli in the lung and allowed the 
reparative process to function. Moreover, the sputum was reduced in amount and 


usually became negative for tubercle bacilli. Brewer and his associates used chemo 
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therapy for three to six months before and for six months after operation MacBurney 
and his co-workers (9) state that the complication rate of resections ol all types for 
pulmonary tuberculosis has been reduced from 90 to 43 per cent and that the com 
plications directly resulting from tuberculosis have been reduced from 60 to 10 pet 
cent since the use of chemotherapy with surgery. Childress and associates (10) report 
the use of isoniazid as a chemotherapy “cover” for resections and cone lude that it is 
satisfactory. No details of dosage are given. Chamberlain and co-workers (11) say 
Tuberculosis is usually bilateral though not bilaterally active, therefore only the 
major active focus Is removed by segmental resection.” 

O’Brien (12), speaking on this paper, said “I cannot quite visualize how segmental 
resections in extensive pulmonary lesions without long-term chemotherapy can 
have such results.’ Steele and his collaborators also report on resections in 112 pa 
tients who had a minimum of four months ind an average of twelve months of chemo 
therapy. Ryan and his associates (13) report on the pathology of the resected speci 
mens in patients who had at least four months of chemotherapy before operation 
They report the clearing of the recent pneumonic type of disease and the persistence 
of the necrotic fibrocaseous and fibrocavernous disease Similariy, Efskind and co 
workers (14) report 10 deaths following 17 resections before the use of streptomycin 
and 15 deaths in 483 resections (3.1 per cent) since its use. At the same time, Vaksvik 

15) reports the results of another series of resections and says that the results of 
lesser resections, segments, wedges, et cetera, were rather less good than im pneu 
tmonectomies. He attributes this to inadequate preoperative medication and chemo 


therapy 


METHODS 


Forty-three resected specimens have been examined in the present study, and 
the type and origin of these specimens are presented in table 1 

Three of the upper lobe specimens were resected from under thoracoplasties 
In the case of two lower lobectomies, the middle lobe was also removed. All of 


the segments or wedges were from the upper lobes 


V acrose opic Eramination of Specemens 


Each specimen was examined macroscopically, segment by segment, and the 
extent of disease was noted. This was compared with the areas of abnormal 
shadowing on the roentgenograms. Postero-anterior and lateral films and postero 


anterior tomograms were always available. Oblique filmes and lordotic films were 


usually taken as well as lateral tomograms and, in 15 cases, preoperative broncho 


grams were available 


TABLE 1 
Tyre anp or 43 Resecrep Specimens 


Lower Lobes caments of Wedge 
Middle Lobe 


Right Left Right Lett 


6 


Right Left Right Left 
5 5 3 4 4 i: 1 8 7 
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Microscopic Examination of Specimens 


Blocks of lung tissue were then taken and sent for section. The blocks were 
taken from what appeared macroscopically and on roentgenography to be normal 
lung. In a few cases, some of the blocks (5) contained minute foci of disease 
macroscopically, but the others appeared to be from normal lungs. From the 
segments and smaller specimens, one block was taken; from the lobes, two to four 
blocks were taken: and from the lungs, two to five blocks were taken. In all, 101 


blocks were examined 


The correlation between the extent of disease found macroscopically and the roentgeno 
graphic shadows was considered good when it was such that no signifieant error had been 
made in assessing the extent of the disease roentgenogr aphic lly. The satellite foe: were not 
considered. The correlation was considered fair when the amount of disease found in the 
specimen was significantly different from that which was seen on the roentgenogram but 
was not so different as to have caused 4 grave error in assessing the case. The correlation 
was considered poor when the amount of disease found in the specimen Was 8O different 
from that on the roentgenogram as to have caused a grave error in assessing the case 

When the slides from what appeared to be the normal parts of the specimens were ex 
amined, the type of disease seen was classified as: healed tuberculos fibrocaseous tuber 
culosis, active tuberculo 

The disease was considered healed when the only evidence of disease seen was a few small 
areas of old fibrosis and clusters of lymphocytes. Such an area of fibrosis is seen in figure | 
The disease was classified as fibrocaseous tuberculoaia when there were well localized areas 
of caseation with thick fibrous walls and at least one third of the diameter was fibrous tissue 
Such an area of caseation with a well-developed wall of fibrous tissue is illustrated in figure 
2. The disease was considered to be active when many tubercles were seen with little fibrosis 
In figure 3, this type of disease with great masses of lymphocytes, giant cell formation, and 
little evidence of fibrous tissue formation is illustrated 

In most cases in which several blocks were examined, the disease was found to be active 


on some slides and fibrocaseous or healed on others 


OBSERVATIONS 


Correlation Between Macroscopically Detectable Disease and 
the Roentgenographic Findings 
The results of this first correlation between the roentgenographie findings and 
the extent of macroscopic disease are presented in table 2 
In one of the pneumonectomy specimens from the left side, the basic segments 
were found to be surprisingly normal. This was not apparent on the roent 
genogram because the pleura over the lower lobe had been greatly thickened 


TABLE 2 
First CorrReELATION Berween Finpings anp EXTent or 
Macroscortc Diskase 


(rood Faw Poor Tota 
Pneumonectomies 4 10 
Lower lobes 5 
Upper lobes 5 I | 7 
Segments and middle lobes 15 ! 0 16 


| 
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due to an old pleural effusion. Also the heart had become deviated to the left 
In the other 7 pneumonectomy specimens in which the correlation was poor 
or fair, the disease was found to be more extensive than had been expected 

Among the 7 lower lobes examined in which the correlation was poor or 
fair, the disease was found to be more extensive than could have been ex- 
pected. Figure 4 is a roentgenogram of one of these patients in whom the cavity 
is seen in the apical segment of the right middle lobe. The lower lobe cut across 
and laid open is shown in figure 5. In addition to the cavity, many caseous foe 
may be seen 

In the 2 upper lobes in which the correlation was not good, disease was 
found in the anterior segment. This could not have been suspected on the 
postero-anterior or lateral films 

The middle lobe specimen was included with the wedge and segmental re 
section specimens for the purpose of analysis. The correlation was found to be 
good in 15 of the 16 cases. When these specimens were examined, many small 
satellite foci of disease were found surrounding each large focus. Figure 6 is a 
roentgenogram of such a case and figure 7 shows the specimen cut across. Many 
small satellite foci may be seen. These foci, however, were not seen on the roent- 
genograms unless they were at least 0.5 cm. in diameter. Even when larger than 


this, they were not always seen unless caletum had been deposited in the caseous 


centers. In pneumonectomy specimens and specimens from lower lobes in which 


Fie. 4 Fie. 5 


Fia. 4. Roentgenogram showing a cavity close to the right hilum. The lateral film showed 


( ane 


it in the apical segment of the lower lobe 
Fic. 5. Photograph showing the right lower lobe cut across and laid open In addition to 


the cavity, many small caseous foci are seen 
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the disease was found to be more extensive than had been expected, similar small 
caseous foci were found throughout. 

It is probably significant that among the 12 specimens (lungs or lower lobes) 
in which the disease was found to be more extensive than had been expected 
in the lower lobe were 9 specimens from females and 3 from males. This differ- 
ence may be due to the presence of the breast shadow 

When these findings had been noted, the roentgenograms were re-studied in 
view of the macroscopic findings, but the poor correlation did not appear to be 
due to imeorrect reading of the films 

Extensive disease may thus be present macroscopically in lungs, although it 
may not be visible on the roentgenogram. This appears to be mainly because the 
foci are Jess than 0.5 em. in diameter and are not calcified. Other factors appear 


to be the presence of the breast shadow, deviation of the heart to one side, and 


thickening of the basal pleura 


Extent of Tuberculosis Detectable by Vicroscopu Evamination of Apparently 


Vormal Lung Tissue 


As the object of the present study was to learn how much disease must be 
present in a lung before it becomes visible on roentgenography, the blocks of 


Case 36 


ria. 6 foentgenogram showing an ipparentl single round focus behind the firet rib 


The lateral film showed it in the posterior segment 
hia. 7. Photogr iph showing the specimen cut aeross and laid open In addition to the 


caseous focus which appeared on the roentgenogram, another focus nearly lem. in diameter 


may be seen as well as numerous similar tiny foe 


— 
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tissue for histologic examination were taken from areas of lung which appeared 
roentgenographically normal. Each specimen while fresh was examined macro 
scopically, and care was taken to exclude areas which felt or looked abnormal. 
Of the 101 blocks which were studied, 5, when cut across, were found to contain 
foci of disease approximately | mm. in diameter, but all of the other blocks ap- 
peared by every test short of microscopic examination to be normal lung 

Pneumonectomies: Of the 10 pneumonectomies, on microscopic examination of 
apparently uninvolved areas, disease was judged to have been active in one case, 
fibrocascous in 6 cases, and healed in 3 cases. In the case in which the disease was 
active, the patient had been in the hospital for three months before operation and 
had had twenty-eight days of chemotherapy in that time. The roentgenographic 
appearance of her lower lobe had improved while she was in the hospital. It is 
possible that further chemotherapy and a longer period in a sanatorium might 
have so improved the condition of the lung that a less radical operation might 
have been adequate. In none of the other 9 cases had there been any change in 
the roentgenographic findings for six months. All of the 9 patients had had 
sanatorium treatment for at least a year, and 8 of them had had three to eight 
months of chemotherapy before operation. One patient did not have chemo- 
therapy for a year before his operation but he had had routine sanatorium 
treatment for nearly two years 

Lower lobes: Ten lower lobes were examined. In 4 of these, the disease was 
fibrocaseous, it was active in 4; and healed in 2 cases. In all 4 cases in which the 
disease was fibrocaseous, the patients had had chemotherapy for at least three 
months and the roentgenographic appearance had been unchanged for four 
months before operation. In one of the healed cases, no chemotherapy had been 
used up to the time of operation, but there had been no change in the roent 
genogram for more than a year. In the other case in which the disease was healed, 
the patient had had 252 days of chemotherapy before operation. Of the patients 
in whom the disease was found to be active, one had shown clinical evidence of 
activity approximately three months before operation and had had chemotherapy 
for that time. In another active case, chemotherapy had been administered for 
fifty days and the patient's roentgenogram had been improving up to the time 
of operation. The other 2 patients did not have chemotherapy. 

/ pper lobes There were 7 upper lobes examined. In 3, the disease was judged 
to be healed and in 2 it was fibrocaseous. In none of these cases had any change 
been seen in the roentgenogram for more than six months. In the 2 cases in which 
the disease was judged to be active, one of the patients had had 120 days of 
chemotherapy, but the roentgenogram was steadily improving. In the other case, 
the roentgenogram had shown a cavity in the anterior segment of the left upper 
lobe but no other roentgenographie evidence of disease. The specimen showed 
old, well-localized, small, very fibrotic caseous areas in the apical and the anterior 
segments; but the rest of the lobe looked normal. The cavity had necrotic walls 
and was surrounded by a rim of collapsed lung approximately 3 mm. wide. Clin 
cally, the patient had shown no evidence of disease activity, but microseopie 
examination of the tissues showed active disease. The patient did not have 
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chemotherapy before operation. and it is believed that the disease was reacti 
vating at the time of resection 

Segmental resections and middle lobes: Of the 16 smaller resections, 0 showed 
healed tuberculosis. In these 9 cases there had been no change in the roent 
genogram for six months. Four cases showed fibrocaseous tuberculosis in most of 


the slides, but in some areas the palisade of fibrous tissue was not well developed. 


These patients had each received at least ninety days of chemotherapy but the 


disease had formerly been much more extensive. There were 3 cases in which 
the disease was active. In one, the patient had received hity days of chemo 
therapy before operation; in another, thirty-five days; and the other received 
twenty-eight days of chemotherapy. In all of these the chemotherapy was 
considered adequate 

These results are summarized in table 3 

The amount of chemotherapy administered before operation and the type of 
disease found on microscopic examination are shown in table 4. Of the 43° pa 
tients, 32 showed no change in the roentgenogram for six months before opera 
tion. In these patients, the disease was found to be healed in 16, active in 4, and 
fibrocascous in 12. In 11 patients in whom the disease had changed during the six 
months before operation, the disease was active in 6, healed in one, and fibro 
caseous A. 

The most surprising feature of this study is that, in sections of lung taken 
from areas which appeared on roentgenographie and macroscopic examination 
to be normal lung, almost every slide showed evidence of tuberculosis. In less 
than half the cases, the disease appeared to be healed and in one-quarter of the 


cases it was active, although there was no clinical evidence of activity 


DISCUSSION 


Although the numbers examined have been rather small, the results indicate 
that it is unwise to rely solely on the roentgenogram in deciding that pulmonary 
tuberculosis is not present, particularly in an area of lung in which an abnormal 
shadow has recently cleared. The examination of the specimens which were 
excised because they appeared to contain a single large focus showed that many 
small foci of a similar type were usually present surrounding the large focus, al 
though they were not often demonstrated by roentgenography. Similar fibro 
caseous foci may be found widely distributed in other areas of the lung which 


TABLE 3 


in 43 Reseorep Seecime 


Pneumonectomies 
Lower lobes 
pper lobws 


Segments or wedges 


Healed 

Active Fil Fil Dota 

2 

‘ 
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TABLE 4 
Berone anv Type or Disease Founp 


Microscortc EXAMINATION 


Duration of Chemotherapy 
Months 


Active 
Fibrocaseous 
Healed 


appear to be normal on the chest roentgenogram. The foci which are less than 
0.5 em. in diameter and are not calcified will not be visible on the roentgenogram. 

It was not surprising to find disease on microscopic examination of parts of the 
resected specimens which otherwise appeared to be normal. It was very surprising 
indeed in such circumstances, however, to find the disease so widespread and in 
many cases so active. One-quarter of the specimens examined showed active 
disease widely seattered throughout the specimens although there were no 
macroscopic or roentgenographie findings to indicate its presence. Because of 
this, it is advisable that the roentgenographic findings should be unchanged for 
six months and that chemotherapy should be given for several months before 


resection is undertaken 
SUMMARY 


Forty-three resected specimens were examined macroscopically and micro 
seopically and the findings were compared with the roentgenographic shadows. 
The correlation was good in slightly more than half of the specimens examined 
and fair or poor in slightly less than half of them. It seems that caseous foci 
must be more than 0.5 em. in diameter and must be calcified before they become 
visible roentgenographically. A poor correlation was also found more often in 
disease of the lower lobe and in female patients. This may be due to the presence 
of the breast shadow, thickening of the pleura, and to deviation of the heart to 
that side 

The microscopic examination showed that the disease was much more ex- 
tensive and active than had been realized. Until a sensitive and reliable test of 


the activity of tuberculosis becomes available, it seems advisable that a roent- 


genogram should be unchanged for six months and that chemotherapy should 


be given for several months before surgery is undertaken. 


SUMARIO 
Enfermedad Tuberculosa en los Ejemplares Resecados 


Cuarenta y tres eyempilares resecados fueron examinados macro- y microsecopicamente, 
comparindose los hallazgos con las imdgenes radiogrificas. La correlacién resulté buena 
en poco mas de la mitad de los ejemplares estudiados y mediana o mala en poco menos 
de la mitad. Segdn parece low foeos caseosos deben medir mds de 0.5 em de didmetro y 


deben estar calcificados antes de volverse visibles roentgenogréficamente. También se 
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encontré mala correlacién més a menudo en la enfermedad del lbbulo inferior vy en las 
mujeres Esto de deberse a la presencia de la sombra tonricie i, al engrosamiento de la 
pleura v a la desviacién del corazén a dicho lado 

E:] examen microseépico demostré que la enfermedad era mucho més extensa vy activa 
que lo que parecia Hasta que se cuente con una prueb i delicada y fidedigna de la actividad 
de la tuberculosis, parece prudente que, antes de emprender la cirugia, la radiografia 
permanezca inalterada por espacio de seis meses y que se administre quimioterapia durante 


Varios meses 


RESUME 
La maladie tuberculeuse observée dans les pieces de résection 


Un examen macros¢ opique et microscopique de 43 pieces de résection a été effectué 
et les résultats ont été comparés avec les images radiologiques. La concordance était bonne 
dans un peu plus de la moitié des spécimens examinés et assez bonne ou mauvaise dans un 
peu moins de la moitié d’entre eux. Il semble que les foyers caséeux doivent avoir une 
dimension supérieure 20.5 em en diamétre et étre caleifiés avant d’é@tre visibles aux ravona 
X. C'est également le plus souvent dans les lésions du lobe inférieur et chez la fe mme que 
la concordance est défectueuse. Ceci peut étre dl aA la présence de l’ombre des seins, A 
l'épaississement de la plévre et A la déviation du coeur de ce cbté 

L’examen histologique montrait que l'affection était beaucoup plus étendue et active 
qu'il n’avait été réalisé. Jusqu’d ce que l'on dispose pour la tuberculose d'un test d’activité 
sensible et sir il est conseillé d’attendre que le radiogramme demeure inch ingé pendant 
SIX mois et que la chimiothérapie ait été pratiquée pendant plusieurs mois avant d’entre 
prendre l'intervention chirurgicale 
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INTRODUCTION 


Among the many variables which influence the results of treatment in pul 
monary tuberculosis, the character of the underlying pathologic process and the 
duration of the disease occupy a prominent place. The significance of these 
factors in determining the effect of treatment has become even more apparent 
in recent years since the advent of chemotherapy. Extensive experience with 
streptomycin has indicated that lesions of relatively recent origin tend to re 
spond more favorably than lesions of long duration, such as those of the chronic 
fibrocaseous or fibrocavernous type 

Clinical observations made during the past two years suggest that the varia 
tions in therapeutic response to isoniazid are similar to those which have been 
found with streptomycin. With either drug, the response depends to a large 
degree on the duration of the disease and the character of the lesion. In reviewing 
the clinical material included in the cooperative study conducted by the Publie 
Health Service, Eckley (1) noted that the duration of the disease was a potent 
factor influencing the response to treatment with various drug regimens, includ 
ing isoniazid. Other observers (2) have attempted to evaluate the differential 
effect of isoniazid therapy in relation to the roentgenographic character of the 


pulmonary lesion. In the studies carried out by the British Medical Research 


Council (3), a particular group, designated as “acute rapidly progressive pul 
monary tuberculosis of recent origin,’ was separated from other chronic forms 
of the disease. 

The present study was undertaken for the purpose of obtaining data on the 
effect of isoniazid, when used alone or along with other antimicrobial drugs, in 
a group of patients with pulmonary tuberculosis whose lesions were of recent 
origin. Recency of the lesion was the sole criterion for selection of cases for this 
series. Thus, the clinical material consisted of patients with wide gradations in 
extent and severity of disease, which ranged from minimal asymptomatic lesions 


to acute massive preumotnic involvement with extensive excavation 
MATERIAL AND METHODS 
Selection of Cases 
The criteria for admitting cases to the study were as follows: 


A recent firet di gnosis of pulmonary tuberculosis regardless of extent of the lesion 


Previously diagnosed cases were considered acct pt ible provided the pre existent lesion 


From Sea View Hospital, Staten Island, New York; and the Bureau of Laboratories of 
the New York Cit ly partment of Health 
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was of not more than minimal extent, had been inactive for some time, and had shown 
roentgenographie evidence of recent reactivation and progression of a significant de 
ures 

\ history of a previous normal chest roentgenogram, preferably within one year prior 
to the deteetion of the pulmonary lesion 

In the absence of a previous normal chest roentgenogram, a history of recent symp 
tomatic onset of the disease and roentgenographic findings consistent with a lesion of 
probably recent ongin 


No previous antimicrobial therapy for tuberculosis 


The study was begun in June, 1952. The m yority of patients included in the series were 


obtained through the cooperation of the eclinies of the Bureau of Tuberculosis of the New 
York City Department of Health. Arrangements were made for prompt admission of suit 
abole patients to Sea View al 


Clinieal, Roentge nographic, and Bacteriologic Studies 


Vretreatment studies included liver function tests, in addition to the standard clinical 
wid laboratory procedures. All patients were skin tested with tuberculin before starting 
treatment. Other skin tests, such as cocerdioidin and histoplasmin, were performed in cases 
in which the diagnosis of tuberculosis seemed questionable. The laboratory procedures were 
repeated at monthly intervals during the entire course of treatment 

Roentgenographie studies on admission included roentgenograms in the lordotic position 
umd complete tomographic series, in addition to standard chest roentgenograms. The 
roentgenographic examinations were repeated at biweekly intervals during the first three 
months of treatment and at monthly intervals thereafter. Tomographic studies during the 
treatment py ruxl were carned out routinely at intervals of two months, or more often when 
deemed neces 

Pretreatment bacteriologie studies for MW. tuberculosis consisted of microscopic examina 
tion of three 24 hour concentrated specimens and three cultures of sputum or gastric con 
tents Bacterial susceptibility for isoniazid and streptomycin was tested by direct inocula 
tion of the concentrates on solid agar medium, according to the method previously deseribed 
Stsce tests for para acid (PAS) were carried out, with the 
same technique, in concentrations of 1.0 md 10.0 per ml. of medium. Twenty four-hour 
specimens of the sputum and/or of the gastric contents were examined by microscopy and 
eulture at monthly intervals during the course of treatment and after its termination. All 
subsequent specimens were tested for susceptibility to the drugs employed in the study in 


the same manner as were the pretreatment specimens 


Clinical Material 


The present report is based on observations on 107 patients ho have con pleted at least 
months of the originally preserthed therapeutic regimen, with the exception of a few in 


stances referred to later on 


Exclusions from the Study 


Of the total of L44 patients originally accepted for study, 27 patients were exeluded for 
the following reasons: Fourteen patients discontinued treatment prematurely and left the 
hospital against advice, 3 patients with less than six months’ treatment were transferred 
to other institutions; in 5 patients a diagnosis of nontuberculous pulmonary disease was 
established subsequent to the start of therapy; and in 2 patients the original regimen had to 


be altered because of drug intolerance. The remaining 3 patients are still receiving treat 


ment, but have not completed the six month period at the time of this report 
tue, Sex, and Race Diatribution 


The distribution of the 107 patients by age, sex, and race is shown in table 1. It is ap 


parent that the group consisted largely of adolescents and young adults. Only 16 per cent 
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TABLE 1 


DistrisutTion oF 107 Parienrs wirn Putmonary Tesereutosis or Recent 


OmMIGIN BY Age, Sex, ann Race 


Male 


All ages. 107 100%) 22 (20.5%) 85 (70.5%) 14 (13.1%) 32 (30%) 8 (7.4%) (49.5% 
l4 


of the total were thirty-five years of me or older. The average age for the serie iw a whole 


was twenty-five and three tenths years; the median age was twenty fou® years. The pre 


ponderance of young persons in this group is in sharp contrast with the general current age 


pattern of patients with tuberculosis and is evidently due to sele« tron of the cases on the 


basis of recency of the disease 


Forty-one of the patients were Negroes, 7 were of other nonwhite racial stocl 7 were 


Puerto Ricans, and 22 were white 


for Diascore of Lesion 


In 53 patients, or in one-half of the group, symptoms attributable to pulmonary involve 


ment were absent when the lesion was first detected. and thes« patients came to observation 


ws a result of routine roentgenographic examination. The remainder of the serie Mpa 


tients, came to attention because of recent deve lopment ol some Vinptom the duration 


of which ranged from a few days to a maximum of three months 


In 5) eases (47 per cent i normal chest roentgenogram had been obtained prior to the 


discovery of the pulmonary lesion, Of these, 39 patients had had a normal roentgenogram 


within one year or less of the subsequent detection of the lesion, and in I patients that 


interval was longer than one year. In another 50 cases, precise information concerning pre 


vious roentgenogr aphe examinations could not be ascertained, In these patients the disease 


was considered to represent a probable recent development on the basis of short duration 


of symptoms nd roentgenogr ppb findings consistent with a lesion of recent origin The 


remaining « patie nts were known to have had pulmonar tuberculosis and had been inder 


observation for inactive lesions of limited extent when serial roe nigenograms demonstrated 


recent progression of the disease of a significant degree 


Ertent and Character of Lesion Before Treatment 


The essential data concerning the extent and character of the lesion are shown in table 


In 75 per cent of the series, the lesion was moderatel wivanced or far advanced when the 


yvatrents first came under obeervation. Among the Negroes the proportion of patient with 


far advanced disease was three times as great as among the other racial groups. Nearly 


ill of the cases of acute massive pneumonic tuberculosis occurred among the Negroes 
In « large majority of the cases the pulmonary lesion was classified as predominantly 
exudative, exudative caseous, or massive pneumonic. The term “‘caseou sas used when 


ever there was demonstrable cavity present. In 4 adolescents, the pulmonary infiltrations 


were associated with tracheobronchial lymph node enlargement. These cases may have 


repres¢ nted instances of recent primary type of tuberculosis 


toentgenographically demonstrable cavities were present in 67 patients (63 per cent of 


the series). The distribution by number of cavities is shown in table 2. The size of cavities 


ranged from a minimum of l em. to 5 em. or more in diameter 


S44 
Both Sexe || I ale 
Age Tot 
Vea 
White Nonwhite W hte Nonwhite White Non white 
15 to 24 Mm) (46.7% 6 IS 2 
25 to 3A 2s 7 2 Zl 
‘ito 44 9.3% 2 2 
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TABLE 2 
PRETREATMENT Stratus or 107 Patients wirn Putmonany 
or Recent 


Number of Cases 


Ertent of lesion 
Minimal 
Moderately advanced 
ar wdivanced 


Total 


Character of leaion 
Predominantly exudative 
exudative productive 
exudative caseous (with cavity 
Fibro with eavity 


Massive pneumonic (with eavity 
Tot a! 


Iixelusively or predominantly unilateral involvement 
Bilateral involvement 


Total 
Cavitary leaiona 
Total number of patients with eavity 
Single « ivity 
Two cavities 


Three or more cavities 


TABLE 2A 
RETREATMENT Cocrurnes ror ay oF Leston 
Total Negative 


Number . Number Per Cent Number Per Cent 
Per Cent 
of Cases of Cases of Total of Cases of Tota 


Total 107 woo 15 14 


Minimal 27 25.2 400 12 
Moderately advanced 


is 6 4 4 


Far advanced 25 23.4 25 23.4 0 0 


*In 2 patients the pretreatment sputum Was positive for ul fast bacilli on micros 


copy but was not cultured 


Pretreatment Bacte rivlogic Findings 


The results of examinations for VM. tuberculosis, by extent of the disease, are shown in 
table 24. Although bacteriologic proof was not available in 15 patients, they were included 
in the study, since a diagnosis of tuberculosis seemed reasonably certain on the basis of 
history and character of roentgenographic findings, and after other possible causes of the 
disease had been excluded. All but 3 of the patients with negative pretreatment bacterwo 
logic findings had lesions of minimal extent 


Per Cent 
4 27 25.0 
5S 51.5 
25 23.5 
107 100.0 
43 
13.0 
06 
14 
: 
107 100.0 
20.0 
107 100.0 
67 
16.0 
240 
Extent of Lesion 
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TABLE 3 


Regimens by Extent or Lesion 


Isoniazid 


Total 
Minimal 
Moderate! ulvanced 
Far advanced 


The rapeutic Regimens 


With the exception of 3 patients who had previously received streptomycin, either alone 
or with PAS, for short periods ranging from one to four weeks, none of the patients had had 
antimicrobial treatment for tuberculosis before entering the study 

The drug reqimena employed were as follows: 36 patients were treated with taoniazid alone, 
44 receiwed isoniazid streptomycin; and 28 patients received isoniazid PAS 

The distribution of the three groups, by extent of the disease, is shown in table 3. It is 
evident that these groups are not quite comparable, not only because of numerical dif 
ferences, but even more so because of pronoun ed differences in their composition nce ording 
to extent of the lesion. The isoniazid-streptomyecin group included a much larger proportion 
of patients with far advanced disease than either of the other two groups. These differences 
are mainly due to the fact that most of the seriously ill patients in whom the roentgeno 
graphic findings indicated extensive pulmonary involvement were assigned to the isoniazid 
streptomycin group, while the groups treated with isoniazid alone or with isoniazid PAS 
contamed larger proportions of patients with minimal lesions 

In the majority of the patients, the dosage of isoniazid ranged from 6 to 8 mg. per kg 
of body weight daily. Streptomycin was given in doses of 1 gm. twice weekly, except in 
acutely ill patients who received | gm. daily for periods ranging from four to six weeks at the 
beginning of the treatment period. PAS was used in doses of 12 gm. daily in three divided 
portions 

The duration of drug therapy (as of the present time) was as follows: 21 patients were 
treated for six months; 34, between seven and eleven months; and 49 patients, twelve months 
or longer, with « maximum of eighteen months 

In 3 patients the original regimen was changed after periods of treatment of less than six 
months because of some evidence of worsening. These 3 cases have been ineluded in the 
analysis since their elimination would have resulted in artificial distortion of the data 

In addition to drug ther apy the patients received only routine institutional eare with 
the customary rest periods, Strict bed rest was observed only by those patients who were 
veutely ill on admission and was continued until their clinical condition had become stabil 
ized 

In 12 patients who had failed to show satisfactory respotise to the oryginally scheduled 
regimen, the treatment was subsequently changed. Such treatment consisted of either a 
modified drug regimen alone or of antimicrobial ther ips and pulmonary resection. For the 
purpose of the following analysis, the status of these patients was considered as of the time 


the original drug regimen was changed 
KESULTS 
Clinical Observations 


In this series of patients, the observations concerning the symptomatic effect 


of isoniazid and of the other antimicrobial regimens were essentially in accord 


with the general experience and are, therefore, not reported in detail 


ome 
S45 
Regimes 
Extent of Lesio Total 
Isoniazid PAS 
Streptomys it 

107 35 2s 

27 12 5 

5S 

25 3 a 2 


KREISNER, PEIZER, AND WIDELOCK 


Subjective improvement, consisting of prompt disappearance of symptoms 
and rapid defervescence, was observed in nearly all patients who presented some 
symptoms on admission to the hospital. This occurred regardless of the drug 
regimen used. The clinical improvement was most pronounced in those patients 
who were acutely ill on admission and in whom the roentgenographic findings 
indicated extensive pneumonic involvement. With few exceptions, weight gain 
was noted in all patients and there was no significant difference among the three 
regimens in the amount of weight gained by the patients 

Drug toxicity: Voxie effects attributable to isoniazid were observed in 13. pa 
tients, or in 12 per cent of the entire series. The clinical manifestations were 
essentially those reported by other observers, the most frequent ones being skin 
eruptions and symptoms of peripheral neuritis. These symptoms were almost 
always mild in degree and of short duration. Reduction of the dose of the drug 
was suffiment to bring about disappearance of those symptoms. In no case was 
it necessary to discontinue isoniazid because of serious side effects 

Two patients had difficulty in tolerating PAS because of gastrointestinal 
symptoms and 2 others showed reactions to PAS of an allergic nature. In 2 of 
these 4 patients the drug had to be discontinued 


There were no noteworthy toxic effects due to streptomycin. 


Roentgenographic Observations 


Definition of terms: The status of the pulmonary lesion, as demonstrated on serial 
roentgenography, was classified under the commonly used headings, namely, im 
provement, no change, and worse. Improvement was considered as marked when the 
degree of regression of the original lesion was so pronounced as to leave little or no 
demonstrable residue. Moderate improvement referred to those cases in which the 
extent of resolution was less than that under marked, but amounted to one-half or 
more of the original area of involvement. Any degree of improvement less than 
moderate was considered slight and these cases were grouped together with those 
showing no change 

No patient was designated as showing marked improvement unless there was no 
evidence of cavity on tomographic studies 

Under worse were included all cases in which any extension of the infiltration or 
increase in the size of te cavity could be noted, regardless of degree and even though 


in other areas the lesion may have shown varying degrees of improvement 


TABLE 4 


CHoance py Tuerarevric Recimen 


Roentgenographic Change 


Kegimer 


Slight Im 


Marked Moderate 
wvement 


mprovement Improvement 


Total (100%) BW (52.4%) 2 (19.6 24 (22.4% 


Isoniazid bo 


Isoniazid streptomycin 5 


Isoniazid PAS 2s 5 
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Roentgenographic change by therapeutic regimen: In table 4 may be seen the 
distribution of the roentgenographie changes for each of the three drug regimens 
at the end of the treatment period. The proportion of patients with marked im 


provement amounted to slightly more than one-half for the entire series; the 


combined total of moderate and marked improvement, to nearly three-fourths 

Of the 6 patients listed as roentgenographically worse, all had shown some 
improvement initially, followed by some degree of worsening. In 2 of these pu 
tients a slight “spread” of the lesion to previously uninvolved portions of the 
lung oceurred during treatment. In 2 others, the worsening consisted of slight 
increase in size of the original cavity; and in the remaining 2 patients, there was 
significant extension of the disease process 

It is apparent from the data shown in table 4 that the isoniazid streptomyem 
group fared better than the group treated with isoniazid alone, the ratio of cases 
showing marked improvement being about two to one in favor of the former. It 
should be added that the isoniazid-streptomyecin group was at a disadvantage 
by comparison with the group treated with isoniazid alone, inasmuch as it in 
cluded a much larger proportion of patients with extensive, far advanced lesions 
On the other hand, the group treated with isoniazid alone contained a larger 
number of patients with minimal lesions which, according to the present obser 
vations (see table 35), are apparently less apt to exhibit pronounced roentgeno 
graphic improvement than the more extensive lesions of recent occurrence 
Thus, from the standpoint of potentialities for significant regression of the 
roentgenographic changes, the group treated with isoniazid alone may have been 
ata certain disadvantage by comparison with the tsoninzid streptomyver group 
The proportion ob cases with favorable roentgenographir changes in the iso 
niazid-PAS group is very similar to that in the isoniazid-streptomyein group 
However, from the standpoint of composition of the clinical material, these two 
groups of patients were not quite comparable 

Roentgenographic change by extent of lesion: In table 5 the distribution of the 
roentgenographi changes for all three regimens is presented by extent of the 
lesion. It was believed that for an analysis of the rocutgenographie changes by 
extent of the lesion, separately for each regimen, the number of patients in each 
group Was too small and the distribution by stage of disease too unequal for a 


comparison to be meaningful 


TABLE 5 


CHANGE, BY ExTeNT oF Lesion, ror Ate 


Total (100% 
Minimal 
Moderately advanced 


Far advanced 


Roentgenogra Change 
Extent le Tota 
Improvement rovement y ment of Worse 
No Change 

Mi (52.4%) 21 (19.6% 24 (22.4%) 6 (5.6% 
25 16 th 0 
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TABLE 6 


Cuance is Caviry py Tuerareutic 


Roentgenographic Change in Ca 
Total Number 
Kegimen of Patients Signith an 
with Cavity Complete Dis Dex rease 
appearance ize and « 
Number 
Total 67 (LOOY 49 (73.0%) 11 
Isoniazid 16 
Isoniazid streptomycin 


Isoniazid PAS 17 5 


It may be seen from table 5 that the proportion of patients showing significant, 
moderate to marked, roentgenographic improvement was approximately the 
same in patients with far advanced lesions as in those with moderately advanced 
disease. Pronounced roentgenographic improvement was observed much less 
frequently in patients with minimal lesions, approximately two-thirds of these 
patients showing no essential change in the roentgenographic findings 

Roentgenographic change in cavity: The changes in the cavitary component, 
by therapeutic regimen, are shown in table 6 for 67 patients in whom one or more 
cavities were present before treatment. In nearly three-fourths of these patients 
the presence of cavity could not be demonstrated on serial tomography after 
varying periods of treatment. In an additional 16 per cent, there was some im 


provement, such as either marked decrease in size or disappearance of some of 


the cavities; but areas suggestive of residual cavity persisted. | sually, such 
residual cavities could not be seen on the conventional roentgenogram but were 
detectable on tomography. In 3 of these cases the changes in the roentgeno- 
graphic appearance suggested “cystlike’”’ transformation of cavities such as has 
recently been described by some observers (6, 7). Of the 4 cases listed under 
“increase” of cavity, significant increase was observed in 2 patients, while in the 
other 2 there was but a slight increase in size of the originally demonstrated 
single cavity 

The effect on the cavitary lesion appeared to be more favorable in the iso- 
niazid-streptomyecin and in the isoniazid-PAS group than in the group treated 
with isoniazid alone. The number of patients, however, in each of these three 
Kroups Wits oby iously too small for an accurate comparison 

The therapeutic effect appeared to be more favorable in patients with single 
cavities than in those in whom multiple cavities were present before treatment, 
as indicated by the following data: Of 40 patients with single cavities, disappear 
ance of cavity was noted in 34 instances (85 per cent); while in 27 patients with 
two or more cavities in each, disappearance of all cavities was observed in 15 
instances (55 per cent). 

Roentgenographic change by length of treatment: The roentgenographie changes 
observed at selected periods in the course of treatment are shown in table 7 


Since analysis by length of treatment, separately for each regimen, did not indi 
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TABLE 7 
LOENTGOENOGRAPHIC CHANGE FOR Pertops Arrer Start or TREATMENT 


All Regimens) 


Roentge nog 


Months after Start 


Treatment Moderate 


Improvement 


lto 3 (lOO; 

6 (100° 


TABLE 8 


CHANGE IN Exvent or Lesion: Pre- anv Status 


Pretreatment Statu Extent of Lesion After Treatment 
Extent o 


Total 7 (100% 
Minimal 
Moderately advanced 
Far advanced 


cate any significant differences, the three groups have been combined in this 
table. Because of lack of uniformity with respect to total length of treatment, 
the data shown in table 7 are limited to the first six months of treatment 

It may be seen from this table that almost two-thirds of the patients showed 
moderate to marked improvement within the first three months of treatment. 
The main difference between the three-month and the six-month periods was the 
increase in the proportion of cases of marked improvement during the latter 


period. Almost one-half of all patients in whom the degree of improvement was 


considered as marked attained their maximum favorable change within the first 
three months of treatment and nearly all, 52 of a total of 56, within six months 
In only a few patients could progressive and pronounced improvement be ob 
served after the sixth month of treatment 

Cavity disappearance within three months after start of therapy was noted in 
10 per cent of patients with initially demonstrable cavities and within six months 
in 66 per cent. There were but a few additional patients in whom disappearance 
of cavity took place after the sixth month of treatment 

Extent of lesion before and after treatment: The degree of roentgenographie 
change, expressed in quantitative terms, was further analyzed by comparing the 
extent of the lesion before and after treatment, as shown in table 8. It will be 
noted that there was a marked shift of the advanced lesions into the minimal 
group. While before treatment the patients with moderately advanced and far 
advanced lesions made up 75 per cent of the total, after treatment only 21 per 
cent of the cases were classed as either moderately advanced or far advanced 


Of the original 25 patients with far advanced lesions, only 3 patients were so 


S40 
Change 
No Change 
27 (25.2% 5% l 1.0% 
a2 (48.6% 27 (25.29 23 (21.5% § (4.79 
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TABLE 9 


Bactentotoci py THerareutic KRecimen 


‘umber 


Pos 

BKefor 
Tot il g2° 
leoniazid 


Isoniazid streptomycin 


leoniazid PAS 22 


* In 2 patients the pretreatment sputum was positive for acid-fast bacillt on micros 


cop but wae not cultured 


classified at the end of the treatment period. The proportion of patients with 
minimal lesions has risen from one-fourth of the total before treatment to four 


fifths after treatment 


Bacteriologic Observations 


Sputum conver ion”: The bactenologic status related to drug regimen of U2 
patients who were discharging tubercle bacilli in the sputum when treatment was 
started may be seen in table & The data presented in this table refer to the 
status at the end of the treatment period which, with the exception ot the few 
cases previously mentioned, amounted to six months or longer. Of the 82 patients 
who became noninfectious, 30 had sputum and gastric aspirate cultures nega 
tive for tubercle bacilli on six or more examinations for a period of six to eleven 
months and, in 48 patients, the period of noninfectiousness ranged from twelve 
to twenty months. Four additional patients who had been similarly nonintes 
tious for a period of three to five months were then transferred to other institu 
tions or were lost from observation after discharge from the hospital 

The figures shown in table 9 indicate a higher “sputum conversion” rate for 
the isoniazid-PAS group than for the patients on either of the other two regimens 
There was no appreciable difference between the isoniazid-streptomyein group 
and the group which received isoniazid alone 

An apparent correlation between the extent of the lesion and “sputum con 
version” is indicated by the fact that all of the 10 patients who continued to 
discharge tubercle bacilli after treatment had had either moderately advanced 
or far advanced lesions when treatment was started 

A further analysis of the change in bacteriologic status was made, using as 
an index the amount of bacterial growth in the pretreatment cultures. These 
were separated into three categories, according to the estimated number of 
colonies, and were designated as showing either slight, moderate, or heavy growth 

Che isoniazid-streptomyecin group contained a much larger proportion of pa 
tients with “heavy” growth of tubercle bacilli in the pretreatment cultures, 20 


of 40, as compared with 8 of 28 in the isoniazid group and 2 of 22 in the isoniazid 


PAS group. It seems significant that the majority of the patients who continued 
to discharge tubercle bacilli after cessation of treatment (7 of 10) were in the 
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TABLE 10 


CHANGE IN Stratus ror Pertoos Arrer Stanr or THerary 


Period After Start of 
Treatment 
Treatment 


oo" (1008; 2 (35.4 Ss 

t 
(100%, 16 44 (829 


* Does not include 2 patients Ww home pretreatment sputum Was positive for acid fust 


bacilli on microscopy but was not cultured 
group with heary growth in the pretreatment cultures. These 7 patients repre 
sent almost one-fourth of the 30 patients with pretreatment cultures classified 
as heavy growth. Of 60 patients with slight or moderate bacterial growth before 
treatment, only 3 (5 per cent) continued to discharge tubercle bacilli after cessa 
tion of treatment 

“Sputum conversion” by length of treatment: The changes in bacteriologic status 
at selected periods during the course of treatment are shown in table 10. This 
analysis Was not carried beyond the sixth month of treatment since the thera 
peutic regimen was changed in nearly all cases in which “conversion” did not 
take place within that period. These patients became noninfectious subsequent 
to change of the originally prescribed regimen, but have to be considered in 
fectious at the point in time of this analysis 

It may be seen from table 10 that, in two-thirds of the originally infectious 
cases, “sputum conversion” occurred within the first month of treatment. This 
proportion constituted nearly four-fifths of all patients who eventually attained 
the noninfectious status. While a substantial number of patients became non 
infectious within the second or third month of treatment, there were few in 
whom the “sputum conversion” first appeared after the third month of treat 
ment. The differences between the therapeutic regimens, in so far as speed of 
“sputum conversion’ is concerned, were not significant enough to merit further 
analysis 

Correlation between bacteriologic status and roentge nographic changes: Vhe data 
for reversal of infectiousness and roentgenographic change are shown in table 1 
for 92 patients from whom tubercle bacilli were cultured before treatment. Sig 
nificant roentgenographic improvement, ranging from moderate to marked, was 
associated with reversal of infectiousness in all but one of 73 patients, while the 
6 patients in whom the roentgenographic findings indicated some degree of 


worsening continued to discharge tubercle bacilli in the sputum. The apparent 


disparity between the roentgenographic and bacteriologic status in the group 


listed in table 11 under “no essential change’ is due largely to patients with 
minimal lesions who became bacteriologically negative although they failed to 
show significant lmprovement roentgenographically 

Of 64 patients with demonstrable cavities and tubercle bacilli in the sputum, 
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TABLE 11 
CHance is sy CHance ror 92 Patients 
Positive ror Tusercie 


Number of Patients with Post Treatment Cultures for 
Cultures Positive for Tubercle Bacilli 
Tubercle Bacilli Before 

Treatment 


Roentgenographic Change 


Negative Positive 


Total 92° 
Marked improvement 53 
Moderate improvement wv 
Slight improvement or no change 13 
Worse 6 0 


* In 2 patients, the pretreatment sputum was positive for acid-fast bacilli on micros 


copy but was not cultured 


disappearance of cavity or cavities in the course of treatment was observed in 
17 instances, and all of these patients became noninfectious. On the other hand, 
in Il patients in whom clearly outlined cavities persisted, all but one continued 
to discharge tubercle bacilli. In 6 cases, questionable residual cavities, or cavity- 
like structures, were thought to be present in the roentgenograms, although the 
6 patients all attained “sputum conversion.” It is precisely this type of case 
which has again brought up the much debated question of “open healing” of 
tuberculous cavities 

Bacterial resistance: The 10 patients whose cultures remained positive for 
M. tuberculosis represent too small a number to warrant a detailed analysis of 
bacterial resistance. The following observations are presented in summary form: 


In the group treated with isoniazid alone, positive pretreatment cultures were available 
in 28 patients, and in all of these the tubercle bacilli were susceptible to 1 y or less of the 
drug per ml, of medium. Five of these patients remained infectious. In 2, the organisms were 
found to be resistant to 5 y of isoniazid per mil. five and seven months, respectively, after the 
start of treatment. Tubercle bacilli cultured from the remaining 3 patients grew only in the 
presence of isoniazid concentrations lower than 5 y per ml 

In the isoniazid-streptomycin group, tubercle bacilli were cultured from 40 patients 
before treatment. All of these strains were susceptible to 1 or leas of isoniazid and to 10 
of streptomycin per ml. of medium. Five of the 40 patients in this group remained infectious 
Four of these patient strains grew on 5 y of isoniazid per ml. of medium: one after three 
months, two after six months, and one after seven months of treatment. The strain cultured 
from the fifth patient after eight months of treatment was susceptible to 5 but not to 1 4 
of isoniazid per ml, of medium. After eleven months of treatment, one patient’s strain of 
tubercle bacilli was resistant to 5» of isoniazid and 100 » of streptomycin per ml. of medium 
Another patient s strain wae resistant to 10 oft streptomye in after three months of treat 
ment. In the remaining 3 patients of this group the strains were susceptible to 10 > or less of 
streptomyein per ml. of medium after six to eight months of treatment 


In the isoniazid-PAS group, 22 patients were discharging tubercle bacilli 


before treatment. All of these attained “sputum conversion,” the majority 
within three months after start of treatment. As a consequence, no information 
on bacterial resistance is available for this group. 

It appears that, in most of the small number of patients who continued to 
discharge tubercle bacilli after varying periods of treatment and whose roent- 
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genographic improvement was unsatisfactory, the bacilli were able to grow in 
vVanious concentrations of isoniazid or streptomycin. There was no apparent 
correlation, however, between the degree of in vitro resistance and lack of adequate 
therapeutic response, as judged by the roentgenographic findings. 

Clinical status at the end of the observation period: The following is the present 
resumé of the clinical status of the 107 patients included in the study: In 05 


patients (SY per cent), apparent control of the disease has been achieved with 


the aid of the originally prescribed drug regimen, while in the remaining 12 
patients (11 per cent) the results of the original therapy were considered inade 
quate and additional measures had to be employed 

The above-mentioned 95 patients have been discharged from the hospital 
In 83 patients, treatment was terminated; 12 patients are still receiving treat- 
ment in the follow-up clinic. At the time of discharge from the hospital, 87 of 
the 95 patients achieved an inactive status and 8 were classified as arrested, in 
accordance with present diagnostic standards. 

Of the 83 patients in whom treatment has been terminated, 7 were not avail 
able for follow-up observations. In 10 patients the follow-up period after cessa 
tion of therapy was less than three months. The remaining 66 patients have been 
followed regularly in the outpatient clinic. Their period of observation after 
termination of treatment has ranged from a minimum of three months and up 
to twenty months, with an average of twelve months. In all but one of these 
patients, the lesions are inactive, as judged by stable roentgenographie findings 
and the absence of tubercle bacilli in the sputum and gastric contents.? The one 
patient whose disease has relapsed had received isoniazid alone for a period of 
six months; bacteriologic relapse and the reappearance of cay ity were observed 
twelve months after cessation of the original treatment 

Of the 12 patients who had failed to show satisfactory response to the origi 
nally preseribed regimen, adequate control of the disease was subsequently 
obtained in 4 with the aid of other drug regimens. Eight patients underwent 
pulmonary resection. Pheumonectomy was performed in 2 and lobectomy in 6 
instances, with satisfactory results in all 


There were no known deaths from tuberculosis 


DISCUSSION 


In the present series of patients, treated either with isoniazid alone or with 
isoniazid-streptomycin or isoniazid-PAS, significant roentgenographic improve 
ment was observed in approximately three-fourths and bacteriologic “conver 
sion” in almost 00 per cent of the group. In the majority of the patients these 
favorable changes occurred within the first three months of treatment. These 
are the essential findings observed in a group of patients without previous anti- 
microbial therapy whose pulmonary lesions were of recent origin 

Recent reports by the Veterans Administrafion, Army, and Navy (8). based 
on experience with a previously untreated but otherwise apparently unselected 

7A single culture positive for tubercle bacilli was reported for each of 3 patients b 


another laboratory during the follow up period. There were no clinical or roentgenogt apobune 


findings indicative of rel apne ind subsequent cultures for tubercle bacilli were negative 
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series of patients, have indicated significant roentgenographic improvement and 
“sputum conversion” in 60 to 70 per cent of the patients after five to eight 
months of treatment with isoniazid-streptomycin or isoniazid-PAS. In a large 
series of “patients with fairly recent disease without previous antimicrobial 
treatment,”’ reported by the Publie Health Service (9), the results of 24 to 32 
weeks’ treatment with isoniazid-containing regimens were almost identical with 
those observed in the present group after similar treatment periods. Pitts and 
associates (10) reported similar results in a group of young white men with ap- 
parently recent disease who had been treated with isoniazid-streptomycin for 
periods up to eight months 

It should be noted that all of the above-mentioned studies were limited to 
patients without previous antimicrobial treatment. It is evident that, under 
present conditions, any previously untreated series of cases of pulmonary tuber 
culosis is bound to contain a certain proportion of patients with recent disease; 
hence cannot be regarded as representing an unselected group. Furthermore, in 
some of those studies (9, 10), particular emphasis was placed on the apparently 
recent onset of the disease. It is not surprising, therefore, that the results after 
six to eight months of treatment, as reported on the basis of those studies, were 
not materially different from those observed in the present series. In the present 
group, however, roentgenographic improvement was more frequent and more 
marked in degree, and the rate of “sputum conversion” was appreciably higher 
during the early months of treatment than has been found in the other series of 
previously untreated patients after corresponding treatment periods 

From these observations it appears that prompt and pronounced response to 
antimicrobial treatment, as judged by the tempo as well as the extent of roent 
genographic improvement and the speed of “sputum conversion,” is a prominent 
feature in cases of pulmonary tuberculosis of recent origin. 

In former years, in the pre-chemotherapy era, there was a tendency on the 
part of clinical observers, when dealing with patients in whom the lesions were 
of recent origin, to make a distinction between resolving exudative and pro- 
gressive “caseopneumonice” forms of pulmonary tuberculosis. On pathologic 
grounds alone, a sharp separation into two such distinct types does not seem 
valid, as it is known that in most cases, even in relatively fresh lesions, both 
types of tissue changes are usually present although in variable proportions. 
Nevertheless, from a clinical viewpoint a differentiation between resolving and 
progressive forms served the purpose of emphasizing the difference between a 
favorable and an unfavorable course of the disease. Such distinctions, however, 
were usually made in retrospect on the basis of clinical and roentgenographic 
observations of the spontaneous evolution of the lesion and the course of the 
disease over a period of time 

From observations based on animal experiments and on studies of suitable 
pathologic material in man, it is well known that the initial tissue response to 
the invasion of the tubercle bacillus is an exudative inflammatory reaction which 


is capable of resolution. The subsequent fate of the early lesion is determined 


largely by two factors, namely, the number of bacilli and the susceptibility of 
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the host (11, 12). The amount of bacillary growth depends in turn upon the rate 
of multiplication of the organism and the passage of time during which multi- 
plication continues. When the number of bacilli remains small, the initial lesion 
may undergo healing by absorption, whereas uninhibited multiplication is apt 
to lead to progression, with caseous necrosis, liquefaction, and tissue destruction 

It may be postulated that antimicrobial agents, due to their inhibitory action 
on the growth of the tubercle bacillus, create conditions favorable to the host 
which result in a reversal of the progressive trend of the disease. In the case of 
lesions of recent origin, antimicrobial therapy employed early enough would have 
the effect of bringing to a halt further progression of the early, potentially re 
versible, pathologic changes and would thus enhance healing by resolution 

The extent of roentgenographic improvement during the course of treatment, 
observed in the present series, is an indication of the great capacity for resolution 
of tuberculous lesions of recent occurrence. The degree of regression was found 
to be especially pronounced in patients in whom the original extent of the lesion, 
according to accepted terminology, was either moderately advanced or far ad 
vanced, It was much less impressive in patients with minimal lesions. This some 
what unexpected and seemingly paradoxical behavior of minimal lesions may 
have been due to the fact that the pathologic changes in many of these cases 
consisted of localized necrotic foci with little or none of the potentially reversible 
exudative element, It is evidently the latter which accounts in large measure for 
the abnormal roentgenographic findings in patients with more extensive lesions 
ol recent origin 

The reversal of the progressive trend of the disease, which may be achieved 
by early chemotherapy, is most strikingly illustrated by the patient whose 
disease is characterized by an acute onset and roentgenographic findings of 
extensive pneumonic involvement, frequently with evidence of apparently fresh 
cavity formation. Such cases have, in the past, been regarded as typical examples 
of acute caseopneumonic torts ol tuberculosis. In most of those patients, espe 
cially in nonwhite persons, the course of the disease was rapidly progressive and 
the fatality rate was extremely high 

In the course of a previous study dealing with the evolution and prognosis of 
pulmonary tuberculosis of recent ongin (13), which was carried out before chem 
otherapy became available, it was found that, of a group of IS nonwhite patients 
with far advanced disease, 16 died within one year after the initial detection of 
the lesion. By contrast, of 17 nonwhite persons with comparable types of recent 
disease, who have been included in the present series, all are known to be alive 
twelve to twenty-four months after the disease was first diagnosed. All of these 
patients have achieved an inactive status, all but 3 with the aid of the originally 


prescribed antimicrobial regimen alone. It is noteworthy that some of the most 


impressive degrees of roentgenographic improvement, as indicated by resolution 
of extensive pneumonic infiltrations and disappearance of cavities, were observed 
in this group of patients 

With respect to the effeet of the individual drug regimens employed in this 
study, a precise comparison of the results observed in the three groups was not 
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possible for reasons previously stated. On the whole, the present observations 
were in agreement with the experience obtained from studies of other, larger 
series of cases (8, 14) which indicate that isoniazid alone was less effective than 
isoniazid-streptomycin or isoniazid-PAS. 

In the present series, the results obtained with the isoniazid-PAS regimen 
compared quite favorably with those observed in the isoniazid-streptomycin 
group. In so far as “sputum conversion” is concerned, the results were most 
satisfactory in the isoniazid-PAS group. A similar finding has recently been 
reported on the basis of the Public Health Service study (9). The potential ad- 
vantage of the isoniazid-PAS combination, which allows for keeping streptomycin 
in “reserve’’ for possible future use, merits serious consideration. To this may be 
added the more immediate practical advantage which this regimen offers for 
long-term noninstitutional treatment. From the standpoint of ambulatory 
treatment, the advantages of a combination of antimicrobial agents administered 
orally are quite apparent. However, in using this regimen it is imperative to 
ensure the patients’ cooperation for long-term acceptance of PAS as an essential 
ingredient of the therapeutic program. 

In the present study, significant roentgenographic improvement and “sputum 
conversion” were observed in a substantial proportion of patients treated with 
isoniazid alone. Eckley (1), in analyzing the results of the Public Health Service 
study, pointed out that in noneavitary lesions isoniazid alone was as effective as 
isoniazid-streptomycin or isoniazid-PAS. Deuschle and associates (15), in a 
recent report on the results of long-term treatment with isoniazid alone, stressed 
the need “for re-appraisal of the current practice of multiple-drug therapy.” 

It seems quite likely that in patients with predominantly exudative, infiltra- 
tive lesions of recent origin, especially in those of limited extent, isoniazid alone 
may be as effective as isoniazid paired with a second antimicrobial drug. It is 
even conceivable that in such cases the desired therapeutic effect may be achieved 
with isoniazid alone within relatively short periods of treatment and before 
emergence of significant bacterial resistance. Further studies on the comparative 
effectiveness of isoniazid alone and along with other antimicrobial agents, in 


properly matched and numerically representative series of cases with recent dis- 


ease, may yield valuable information regarding the exact place of the various 


regimens currently in use 
SUMMARY 


A series of 107 patients with pulmonary tuberculosis of recent origin was 
treated with isoniazid, either alone or together with streptomycin or PAS, for 
periods ranging from six to eighteen months. The majority of the patients con- 
sisted of nonwhite adolescents and young adults. Seventy-five per cent had 
moderately advanced or far advanced lesions when the disease was first detected, 
and in two-thirds of the series roentgenographically demonstrable cavities were 
present, 

For the series as a whole, significant roentgenographic improvement, moderate 
to marked, was observed in 73 per cent of the patients. In most of these patients 
the extent of improvement was rated as marked. The major share of roentgeno- 
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graphic improvement occurred during the first three months of treatment. 
toentgenographic improvement was both more frequent and more pronounced 
in degree in patients with advanced lesions than in those with minimal involve 
ment 

Disappearance of cavity was observed in approximately three-fourths of the 
cases in which cavities had been present before treatment. Cavity closure oc 
curred more frequently in patients with a single cavity than in those with mul 
tiple cavities. 

Reversal of infectiousness, as determined by culture, occurred in 89 per cent 
of the series. In 65 per cent of the cases, the “sputum conversion” took place 
within one month, and in 82 per cent within three months after start of treatment. 

The available data were not quite adequate for precise evaluation of the com 


parative effect of the drug regimens used in this study because of lack of strict 


comparability of the three groups of patients with respect to extent and char 


acter of the lesions. On the whole, isoniazid alone, while effective in a substantial 
proportion of patients treated with this regimen, gave less satisfactory results 
than isoniazid-streptomycin or isoniazid-PAS. The results observed with iso 
niazid-PAS appeared to be as favorable as those observed in the isoniazid 
streptomycin group 

It is concluded that antimicrobial therapy exerts a profound effect on pul- 
monary tuberculosis of recent origin and, if instituted early, such treatment is 
capable of reversing the progressive trend of the disease 


SUMARIO 


La Isoniacida en Regimenes de Droga Unica y Drogas Viiltiples en el Tratamiento de la 


Tuberculoaia Pulmonar de Origen Reciente 


Una serie de 107 enfermos que tenfan tuberculosis pulmonar de origen reciente fué tratada 
con isoniacida, ya sola o junto con estreptomicina o PAS, durante periodos que variaron 
de seis a checioe ho meses I i mavoria de los enfermos constaba de idolescentes y adultos 
Jovenes que no pertenecian a la raza blanca. Setenta y cinco por ciento tenian, al descubrirse 
la enfermedad, lesiones moderadamente avanzadas o muy avanzadas, y en dos terceras 
partes de la serie habia « ivernas observables racdiogrdAficamente 

Para le serie en conjunto, observése importante mejorfa radiografica, que de 
moderada a notable, en 73 por ciento de los enfermos. En la mayor parte de éstos, se clasified 
como notable la ecalid wi de ia mejoria La prin ipal parte de la mejoria rachogralic tuvo 
lugar durante los primeros tres meses de tratamiento. La mejoria radiogréfica fué mda fre 
cuente 4 la par que més acentuada en los enfermos que tenfan lesiones avanzadas que en 
aquéllos con invasion minima 

Observose desaparicién de las cavernas aproximadamente en tres cuartas partes de los 
casos en que hablan existidoe aquéllas antes del tratamiento, Hubo cierre de cavernas més 
frecuentemente en enfermos que tenian una sola caverna que en los que tenian varias 
cavernas 

E-n 89 por ciento de la serie, hubo, segdn determinaron los cultivos. v iraje de la infeeciosi 
dad. kn 65 por ciento de los casos, el “‘viraje del esputo” tuvo lugar en término de un mes 5 
en S2 por mento en término de tres meses de la iniciacién del tratamiento 

Los datos disponibles no resultaron del todo adecuados para la justipreciacién del efecto 
comparativo de los regimenes farmacolégicos usados en este eatudio, debido a la falta de 
comparabilidad exacta de los tres grupos de enfermos estudiados con respecto a la extension 
y naturaleza de las lesiones. En conjunto, la isoniacida sola, aunque efieaz en una propor 


ci6n substancial de los enfermos tratados con este régimen, did resultados menos satisfac 
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torios que la isoniacida-estreptomicina o la isoniacida PAS. Los resultados observados con 


la isoniacida combinada con el PAS parecieron ser tan favorables con los observados en el 


grupo de la konacida estreptomicina 
Deddcene 
losis pulmonar de origen reciente y, si se aplica tempranamente, es capaz de invertir la 


que la terapéutica antimicrobiana ejerce un efecto profundo sobre la tubereu 


tendencia evolutiva de la dolencia 


RESUME 


Ulaoniazide dans la chimiothérapie simple ou combinde de la tuberculose pulmonaire récente 


Une série de 107 malades atteints de tuberculose pulmonaire d'origine récente ont été 


traités par l'isoniazide seule ou associée A la streptomyecine ou au PAS pendant des périodes 


variant entre six mois et dix huit mois. La plupart des patients étaient des adolescents ou 


de jeunes adultes n'appartenant pas A la race blanche. Soixante-quinze d’entre eux pré 


sentaient des lésions relativement avancées ou trés avancées quand la maladie a été décelée; 


dans deux-tiers de cette série, la radiographie montrait la présence de cavernes 


Dans l'ensemble de cette série, une amélioration significative, de modérée A prononeée, 


a été observée chez 73% des patients. Chez la plupart d’entre eux, l’étendue de l'améliora 


tion a été qualifiée imélioration pronom La plus grande partie de Vaméloration du 


point de vue radiologique, est survenue pendant les trois premiers mots du traitement 


L'amélioration des aspects radiographiques était A la fois plus fréquente et plus prononeée 


chez les sujet» présentant des lésions avancées que chez ceux of les léstons étarent minimes 


La disparition des cavernes était observée dans environ trois quarts des cas of l'excava 


tion existait avant le traitement. L’oblitération des cavernes s'est produite plus fréquem 


ment chez les sujets affeetés d'une excavation unique que chez les porteurs de cavernes 


multiples 
Le retour de la phase contagieuse, déterminée par la culture, s'est manifestée dans 80% 


des cas de cette série. Dans 65% des cas, la “conversion des crachats”’ s'est produite dans 


un délai d'un mois, et dans 82% des cas dans les trois mois qui ont suivi le début du traite 


ment 
Les données disponibles n’étaient pas tout A fait suffisantes pour permettre une évalua 


tion précise de l'effet comparé des différents régimes thérapeutiques utilisés dans cette 


étude en raison du défaut de normes de comparaison entre les trois groupes de malades, en 


ce qui concernait I'étendue et le caracthre des lésions. Dans l'ensemble, lisoniazide seul, 


bien qu'efficace dans une proportion substantielle des patients soumis A ce régime théra 


peutique donnait des résultats moins satisfaisants que association isoniazide strepteo 


mvyecine ou isoniazide PAS. Les résultats observés avec l’isoniazide associée au PAS parais 


saient aussi favorables que ceux observés dans le groupe isoniazide streptomycine 


kin conclusion, la thérapeutique anti microlbienne exerce une action profonde dans la 


tuberculose pulmonaire récente, et si elle est instituée précocement, ce traitement est 


capable de s'opposer A la tendance progressive de cette affection 
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INTRODUCTION 


Occasionally, acid-fast bacilli are found on stained film of the sputum of 
tuberculous patients and yet tubercle bacilli fail to grow in cultures of the same 
specimen. In a previous report (1) a marked increase in the frequency of such 
findings was noted concurrently with the introduction of chemotherapy for 
tuberculosis 

Analysis of the records of the Ray Brook State Tuberculosis Hospital revealed 
that, prior to chemotherapy, 1.5 per cent of the sputum specimens from a group 
of 196 patients which were positive for acid-fast bacilli on microscopy were 
negative for tubercle bacilli on culture. The corresponding value rose to 22 per 
cent among patients who received streptomycin para-aminosalicylic acid (PAS) 
therapy. This increase was ascribed in most instances to contamination of the 
sputum specimen with PAS retained in the mouth. Significant quantities of PAS 
were found in sputum by chemical tests performed at fifteen-minute intervals 
following oral ingestion of 20 ml. (4 gm.) of liquid PAS. 

Certain precautionary measures were instituted in 1953 to reduce the PAS 
content of sputum submitted for bacteriologic examination. The present report 
describes the effectiveness of the following programs in reducing the incidence of 
negative culture from positive microscopy specimens: careful rinsing of the 
mouth after oral ingestion of PAS; scraping the surface of culture medium that 
did not yield growth and transferring the scrapings to fresh medium; and in- 
corporating para-aminobenzoic acid (PABA), an agent known to antagonize 
PAS (2), in the culture medium 

The inhibitory action of small quantities of PABA on certain strains of tubercle 
bacilli will also be discussed. 


EXPERIMENTAL METHODS AND RESULTS 


All patients taking PAS were instructed to rinse the mouth thoroughly with water after 
each dose and to refrain from expectorating into the sputum bottle until one hour had 
elapsed, This measure noticeably decreased the “positive microscopy negative culture”’ 
findings. Nevertheless, as it was anticipated that all patients might not cooperate fully, the 
surface of culture tubes which failed to yield growth were scraped and the serapings trans 
ferred to fresh Hohn's egg medium and to liquid Tween”-albumin medium. The scraped 
medium was then macerated with 5 ml. of distilled water, filtered through paper, and the 
PAS content of the filtrate was determined according to the procedure of Marshall (3). A 
tube of fresh culture medium was similarly treated as a control 

The acr pings from several oft the negative culture tubes y ielded good growth ot tubercle 


bacilli when transferred to fresh medium, but these results were not available until after 


From the Ray Brook State Tuberculosis Hospital, Ray Brook, New York 
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the equivalent of two separate incubation periods. It was therefore decided to employ para 
aminobenzoic acid (PABA) to antagonize the PAS present in the inoculum 

Preliminary experiments proved that | y of PABA per ml. in the culture medium was 
ample to counteract the maximum amount of PAS which might be present in a sputum 
specimen. Consequently, one tube of Hohn’s egg medium containing this concentration of 
PABA was added to the routine culture procedure. The PABA was dissolved by adding 0.5 
em. of the drug to 4.5 ml. of 4 per cent sodium hydroxide and shaking over a flame. The 
solution was sterilized by autoclaving after the addition of 0.5 ml. of distilled water. Further 
dilutions were made in physiologic salt solution and the required amount was added to the 
medium before inspissation 

Subsequent to the use of PABA medium, scraping and subculture were carried out only 
when both the regular and the PABA media failed to yield growth in a specimen positive for 


wid-fast bacilli on microscopy 


When the measures aimed at preventing oral contamination of the sputum 
with PAS had been in operation for one year, it was found that only 101 (8.5 
per cent) of 1,173 specimens positive for acid-fast bacilli on microscopy failed to 
yield growth of Mycobacterium tuberculosis on artificial culture medium 

Approximately 75 per cent of the total number of specimens positive on 
microscopy and 88 of the 101 microscopically positive but culturally negative 
specimens were from patients being treated with PAS. The PAS was almost 
invariably administered along with streptomycin or isoniazid or both drugs 
Nine of the remaining specimens negative for tubercle bacilli on culture were 
from patients being treated with isoniazid-streptomycin, and 4 were from pa- 
tients who had received no drug therapy 

The 101 specimens which were positive on microscopy but negative for tu 
bercle bacilli on culture were obtained from 81 patients. Tubercle bacilli were 
isolated from the sputum of all of these patients on more than one occasion prior 
to the institution of drug therapy. Seventy specimens were from an equal number 
of patients and 31 from the remaining 11 patients. The finding of acid-fast bacilli 
on microscopy but no tubercle bacilli on culture occurred on four occasions in 3 
of the 11 patients, three times in 3 others, and twice in the remaining 5 patients 

Analysis of the results of further study of these 101 negative cultures from 
specimens positive for acid-fast bacilli on microscopy is given in table 1. Forty 


six (45.5 per cent) were found to be positive for tubercle bacilli on culture by the 
use of special methods. The use of PABA medium was responsible for 38 of these 
successful isolations and, when this medium failed to yield growth, reinoculation 
of the serapings of both the PABA tube and the regular Hohn’s tube gave posi 
tive results in 8 additional specimens. This reduced the incidence of negative 


culture to 4.7 per cent of the 1,173 specimens which were positive for acid-fast 
bacilli on microscopy 

Fifty-five of the 101 specimens were negative for tubercle bacilli on regular 
and PABA media despite subsequent scraping with reinoculation of fresh me 
dium. PAS determinations carried out on the scraped regular culture media re 
vealed that some contained appreciable quantities of PAS, while others contained 
none, 

In those specimens in which the presence of PAS could not be held responsible 


for the failure to obtain growth, other factors must be considered. Some of 
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TABLE 1 
oF Data on THe oF Srectal 

Positive ror Acto-Fast wirn NeGoative CULTURES FoR 
M 


Merrnops SPuTUM SPECIMENS 


TUBERCULOSIS 


Drug Regimen 


PAS reg ot 
MPA PAS INH PAS-INH MINH No Drug Total 


Smear positive tor acid-fast ba 


ecilli but culture negative for M4 


" Culture positive on PABA me 
dium 19 ; 16 0 0 
Culture positive scraping 


~ 


ulture positive by PABA me 


dium and seraping 


SM = Streptomycin; INH = Isoniazid 


the cells do not survive the concentration methods (4, 5), and others undoubtedly 
perish during the six-week incubation period. Furthermore, all of the cells in the 


inoculum may not be picked up in the serapings, especially in specimens showing 


only a rare acid-fast bacillus on the stained film 

In this connection it should be noted that, of the LOL specimens positive on 
microscopy which were negative for tubercle bacilli on routine culture, SO per 
cent were in the low Gaffky range (1 to LLL) and only 20 per cent were Gaffky IN 
or higher. The incidence of positive culture by special methods was 57.5 per cent 
in the low Gaffky group and 80 per cent in the group with more numerous bacilh 


on the stained smear 
Growth of M. tuberculosis was obtaimed by special methods from 7 of the 11 


patients who had specimens positive on microscopy but negative on culture on 


more than one occasion. The total successful isolations in this group was 17 of 


31 specimens. The remaining 4 patients had specimens which were positive on 


microscopy but negative on culture on either two or four occasions, and the 


specimens that failed to yield growth were designated Gaffky [ or IL on micro 


scopy. A chromogenic microorganism grew out on PABA medium from one of 


these specimens. A rapidly growing acid-fast bacillus which was nonpathogene 


for the guinea pig was isolated from another specimen by transferring scrapings 


from the original culture tube to fresh medium. One of these 4 patients had a 


peculiar strain of tubercle bacilli which only occasionally grew out on culture 


after prolonged incubation. These 11 patients were all on multiple-drug therapy 


which ineluded PAS 
In Gof specimens which yielded growth on PABA medium but not on regular 


medium, scrapings from the regular tube transferred to fresh Hohn’s medium and 


liquid Tween*-albumin medium produced growth on either or both of these 
without PABA. Assay of the regular tubes from which the scrapings were taken 


revealed the presence of more than | y of PAS per ml 
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Toxicity of Para-Aminobenzoic Acid for Certain Strains of M. Tuberculosis 
Before incorporating PABA in culture medium to act as a PAS antagonist, 
preliminary experiments were carried out which revealed that several strains of 
tubercle bacilli grew well in as much as 1,000 7 of PABA per mil. in liquid Tween" 
albumin medium. The drug wes first incorporated in solid medium in a concen 
tration of 20 y per ml. While this was satisfactory in most instances, it was dis 
turbing that the bacilli from a few patients consistently grew in the control tube 
without PABA and failed to grow in the drug-containing tube Phe concentration 
of PABA was reduced to 10 y per ml. and finally to 1 y per ml., and it was ob 
served that these same patients continued to discharge bacilli which were in 
hibited by | y of PABA per mil 
This evidence of susceptibility to PABA has been observed only im strains 
from patients with high Gaffky counts who have had long-term chemotherapy 
and whose bacilli are resistant tostreptomycin, isoniazid, or PAS, or to two or all 
three of these chemotherapeutic agents 
Some of these strains of drug-resistant tubercle bacilli originally grew on PABA 
but, once PABA-susceptibility developed, it was consistent. Only oecasionally 
slight irregularities were observed, e.g., the appearance of a few colonies on PABA 
medium as compared with confluent growth on the regular medium, These 
colonies did not differ from the growth on regular medium with regard to resist 
ance to other drugs. Even on subeulture, as in indirect drug-susceptibility tests, 
the bacilli from these patients failed to grow in the presence of ly of PABA 
per mil 
Although susceptibility to low concentrations of PABA has been observed 
only in drug resistant strains, no common factor is obvious Moreover, while 
approximately 10 per cent of the patient strains of tubercle bacilh resistant to 
any or all of the antituberculous drugs exhibited PABA) suseeptibility, the 
eremaining 00 per cent of the strains did not. Differences in the PABA medium 
cannot account for this property since strains from the same patients consistently 
showed similar results with different lots of medium 
The possibility that a patient whose tubercle bacilli were resistant to strep 
tomycin and PAS but susceptible to PABA might benefit by PABA therapy 
led to the following preliminary experiment 
Ten guinea pigs were inoculated subcutaneously in the groin with 0.5 ml. of a 10? 
dilution of a liquid Tween*-albumin culture of the patient's bacilli, Treatment was 
started at once in five of the animals with 120 mg. per kg. per day of PABA mixed with 


the feed. The remaining animals served as untreated controls 


When the experiment Was terminated after two months, all ten animals had 
widespread tuberculosis. It is possible that PABA might be used advantageously 


in association with either streptomycin or isoniazid, Nevertheless, in this exper 
ment, PABA alone had no visible effect on the progression of experimentally 
produced tuberculosis in the guinea pig 

DISCUSSION 


The present study discloses additional evidence that certain sputum specimens 


contain sufficient quantities of para-aminosalicylie acid (PAS) to inhibit growth 
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of tubercle bacilli seen microscopically on the stained film. There is little doubt 
that, when the drug is taken in liquid form, a considerable amount is retained in 
the oral cavity and may subsequently be expectorated with the sputum. It is 
noteworthy that, when precautionary measures were taken to minimize this 
contamination of the sputum with PAS, the incidence of specimens positive 
for acid-fast bacilli on microscopy but negative for tubercle bacilli in culture was 
reduced from 22 per cent to 8.5 per cent (LOL of 1,175 specimens 

By incorporating a small amount of para-aminobenzoic acid (PABA) in one 
of the culture tubes, it was possible to obtain good growth of tuberele bacilli 
In 3S specimens which had failed to grow on regular medium. When no growth 
occurred on either the PABA medium or the regular medium, seraping and trans 
fer of the serapings to fresh medium yielded growth in 8 additional specimens. 
It may be questioned whether washing the sputum concentrate might not have 
served equally well in removing the PAS, but it was believed that this extra 
procedure would provide further opportunity for contamination of the specimen 


The methods described leave unexplained a relatively small number (4.7 


per cent) of negative cultures in this group of specimens positive for acid-fast 


bacilli on microscopy. The fact that most of the specimens were in the low 
Gialfky group, i.e., contained relatively few acid-fast bacilli on microscopy, may 
provide the explanation. However, the presence of PAS in the sputum concen 
trate was the major cause of the negative cultures for tubercle bacilli in the pres 
ent study 

To demonstrate that PABA in the concentration employed in the present 
study is not inhibitive for tubercle bacilli, even when they are few in number, 
an analysis was made of 206 specimens negative on microscopy but positive on 
culture which were cultured on both PABA and regular Hohn’s media. Of these 
225 were positive for tubercle bacilli on both media, 39 were positive only on the 
PABA tube, and 32 were positive only on the regular tube. This variation is no 
greater than that observed among tubes of regular medium inoculated with 
concentrated material containing too few tubercle bacilli to be found mucroscopi 
cally. In several instances, when growth appeared on PABA medium but not on 
regular medium, serapings from the regular tube yielded growth when trans- 
ferred to fresh regular medium 

When it was observed that the tubercle bacilli from certain patients failed to 
grow in the presence of | y of PABA per mil., an explanation for this finding was 
sought experimentally. As susceptibility to PABA developed only in strains 
resistant to streptomycin, PAS, or isoniazid, or to two or all three of these drugs, 
variants of the stock strain H37Rv resistant separately to streptomycin, PAS, 
and isoniazid were isolated by the plating method (6). From these resistant 
strains others were isolated which were resistant to combinations of two and, 
finally, to all three drugs 

Several colonies of each of these variant strains were inoculated on medium 
containing PABA and on regular medium and all grew equally well in the presence 
of PABA. It is conceivable that a PABA-susceptible variant from strain H37Rv 


might have been obtained had a larger number of colomes been tested. However, 
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failure to isolate such a strain from resistant mutants is in agreement with the 
clinical findings in that PABA susceptible strains have been observed in only 10 
per cent of the patients with tubercle bacilli resistant to one or more chemo 
therapeutic agents. Little is known as yet of the biologie properties of these 
PABA susceptible tubercle bacilli 


SUMMARY 


The findings presented offer further evidence that a large percentage of the 
sputum specimens which are positive for acid-fast bacilli on microscopy but neg 
ative for tubercle bacilli on culture are a consequence of the presence of para 
aminosahieylie acid (PAS) in the sputum specimen. The procedure of rinsing the 
mouth following oral ingestion of liquid PAS reduced the incidence of these 
positive-microscopy negative-culture specimens from 22 per cent in a group ol 
patients on multiple-drug therapy containing PAS to 8.5 per cent of 1,173 speci 
mens, all positive for acid-fast bacilli on microscopy. Approximately 75 per cent 
of the 1,173 specimens were from patients who were receiving PAS. This percen 
tage of cultures negative for tubercle bacilli has been further reduced by half by 
special procedures. These include the inoculation, in addition to the Hohn’'s 
medium used routinely, of a tube of Hohn’s medium containing | y of para- 
aminobenzoic acid (PABA) per ml. and the seraping of the surface of culture 
tubes that did not vield growth and transferring the se rapings to fresh Hohn’s 
medium and liquid Tween®-albumin medium. The small percentage of negative 


cultures despite positive microscopy which remain unexplained was observed 


prior to the era of chemotherapy and must be due to other factors which are 
discussed 

The incorporation of PABA in solid medium has disclosed strains of tubercle 
bacilli for which this agent becomes toxic. Thus far. susceptibility to PABA 
has been observed only in strains resistant to streptomycin, PAS, or isoniazid or 
to combinations of these drugs. In a preliminary experiment, guinea pigs infected 
with a PABA-suseeptible strain of tubercle bacilli were treated with PABA for 


two months and no beneficial effect was observed 


SUMARIO 


El Acido Para-Amonosalicilico en el Easputo: 11. Eliminacién de sus Efectos sobre los Cultivo 
para Bacilos uberculosos 


Los hallazgos presentados ofrecen nueva prueba de que un elevado porcentaje de los 
ejemplares de esputo positivos a la microscopia y negativos para bacilos tuberculosos en 
cultivos se debe a la presencia de Acido para-aminosalicilico (PAS) en el ejemplar de esputo 
El procedimiento de enjuagarse la boca después de la ingestidn oral de PAS liquido rebajé 
la incidencia de frotes positivos con cultivos negativos de 22 por ciento en un grupo de en 
fermos que recibian polifarmacoterapia que contenia PAS a 8.5 por ciento de 1,173 ejem 
plares de frotes positivos, aproximadamente 75 por ciento de los cuales procedian de enfer 
mos que recibian PAS. Ese porcentaje de cultivos negativos fué después reducido a la mitad 
inoculando, ademas del medio de Hohn usado sistemAticamente, un tubo de medio de Hohn 
que contenta I le Acido para aminobenzoico APAL por mil raspando la superter ale 
los tubos de cultivo que no rindieron coloni traslad indo los raspadao nuevos medios 


de Hohn y de Tween-albdmina liquido. El pequefio poreentaje de hallazgos de e 
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negativos que quedan sin explicacién fué observado antes de la éra de la quimioterapia y 
dehe proceder de otros factores discutidos aqui 
Law ime orporacion de AVPAB en medio slido ha revelado « epas de bacilos tuberculosos para 


los que este agente resulta téxieo. Hasta ahora, no se ha observado susceptililidad ( APAB 
Inds que ef cepas resistentes a la estreptomicina, el PAS o la moni ida o a combinaciones de 
estas drogas. En un experimento preliminar, los cobayos infect idos con una cepa APAB 
susceptible de tae ilos tuberculosos fueron tratados con APAB durante dos meses, sin ob 


servarse el menor efecto beneliciose 


Khst ME 


jlig ve dans lea crachata: Il Elimination de aea effets sur lex cultures 


acide para aminoesalr 
la recherche du bac tuberculeus 


pou 
Les données présentées confirment de nouveau que le pourcentage élevé de frottys «ce 


crachat positifs a ‘examen direct et négatifs en culture est di la présence d'acide para 


PAS dans le crachat 
la méthode de ringage de la bouche a la suite de l'inges 
ivee cultures négatives de 


sninosalic y lique Parmi un groupe de malades soumis a un trate 


ment combiné comprenant le PAS 
tion de liquide, réduisait incidence des frottis positits 
22 pour cent ASS pour cent sur 1.174 frottis positits dont approximativement 75 por cent 
provenaient de malades recevant le PAS. Ce pourcentage de cultures négatives a ete en 
core réduit de moitié par Uensemencement,— en plus de celui pratiqué sur le milieu de Hohn 
habutue d'un tubs renfermant le milieu de Hohn plus! d'acids para aminobenzomue 


PABA.) par ml. et en rhelant la surface du tube de culture sans colon 
ments sont transférés sur un nouveau milieu de Hohn et sur un milieu liquide 


Le faible pourcentage des cultures négatives en registre demeurant inexplqué, qui 


Ces préeleve 


Tween albu 


thine 
était observé avant Vére de la chimiothérapie doit étre imputable a d'autres facteurs qui 
sont 

Lineorporation de P_A.B.A. en milieu solide a révélé des sour hes de bacilles tubereuleux 


leaquel les cet antimicroinen est toxique 
Jusqu A présent la sensibilité au P_A BLA n'a 6146 observée que dans les souches résitant a 


la streptomveine ou A l'isoniazide, ou A association de ces divers agents Dans une expér 
de bacilles tuberculeux 


mentation préliminaire, des cobayes infectés avee une sour he 


P.A.B.A -sensibles ont 614 traités pendant deux mots sans qu un effet favorable soit observé 
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Case Reports 


PROGRESSIVE BILATERAL BULLOUS EMPHYSEMA 
With Special Reference to Pulmonary Function Tests 
CARASSO, MAHEUX, ano Fo GREGOTRI 
Received for publication November 5, 1954 


Progressive bilateral bullous emphysema is a disease different, at least in course and 
extent, from either diffuse obstructive emphysema or isolated pulmonary bullae. The 
designation was proposed in 1946 by Price and Teplick, who collected a few scattered 
observations from the medical literature and presented eight cases of their own (1 This 
type emph is characterized by a comparatively rapid development brew 
apparently in the apices and imereasing gradually until both lungs seem dislodged by 
huge bullae. This progressive replacing of pulmonary tissue has also given rise to the 
term “vanishing lung” (2, 3 

The clinical history is not different from that of obstructive emphysema, barring a more 
rapid development of the pulmonary symptomatology consisting in cough, recurrent 
acute bronchitis and/or bronchopneumonia, asthma-like attacks, and progressive dyspnen 
In general, the disease affects men in middle or late life. but also afleets younger subjects 


The gradual increase in the number and size of bullae suggests a check valve mechanism 
operating through retention in the bullae of gas under increasing tension, especially in 
expiration. It has Leen demonstrated by Amberson and Spain, through ade yuate histo 
logic studies on the bronchioles and their branches, that the lesions po ssioly resy 

eos (4 


The process consists of a constrictive bronchiolitis and peribronehiolitis, causing an ab 


for the check valve mechanism are to be found in the submucosa of the bron 


normal narrowing of the bronchiolar lumen. This reduction of caliber causes during expira 
tion a de'ay in the emptying of the pulmonary lobules, which become distended. Purthes 
the distended lobules would exert increasing progressive pressure against the enclosed 
bronchioles. Thus, a vicious evele is set up which fosters the accumulation of gas and a 
PrOLressi ve distension. The extent of the process is due to the multiuplieit the bron 
ehiolar lesions. While the pathologic findings seemingly account for the extent and course 
of the disease, the etiology is thoroughly unknown as vet 

The following ease is reported because of the extreme degree of prualena oters instiffievens 
involved. The patient had been submitted to standard sod modified ventilatio 
tion, and perfusion tests five and two months before his death. Heret fore 
been carried out in patients with diffuse obstructive emphysema (Baldwin, Cournand 
Richards, and West (6,7)) as well as in patients with isolated large bullae (Kaltreider and 


Frey (S Baldwin and associate 4 \ detailed path low report is also presented 


CASE REPORT 


Po a 32-year-old laborer, was admitted in November, 1952, with a histor 
dyspnea at rest, asthma like paroxysmal attacks, and a persistent product 


present illness began apparent in 1942 with an upper respiratory infection 


From the iVensier ite for Cardio re sper stor Mont re 


"The 
cough. The 
whieh wi 
| 


SOS CARASSO, MAHEUX, AND GREGOIRE 


followed by persistent cough and sputum. The pulmonary syndrome worsened in recent 
years. In 1046, the patient started complaining of increasing exertional dyspnea later (1048 
to 149) he also complained of dyspnea at rest In addition, he complained of progressive 
fatigue and loss of weight, 30 pounds in the last two years. In 1949, he had his first asthma 
like attacks, which have continued rather infrequently 

He was hospitalized several times in other institutions for shortness of breath, with no 
significant change in the constant aggravation of the disease 

The family history was irrelevant. The past history revealed an acute nephritis in 1949, 
which left as « que lae a transitory palpebr sl edema and a few erythrocytes in the urine An 
sbdominal syndrome consisting in periods of diarrhea and abdominal pain was present since 
1937. In 1049, he was submitted to an appendectomy, followed by a stormy postoperative 
course, during which he nearly died from respiratory insufherency 

Physical examination: The patient was a sparely built, emac jiated young man, 65 inches 
in height and 4 pounds in weight, who conspicuously was in respiratory distress. Cyanosis 
was obvious The least exertion meray sted his shortness of bre ith and his cyanosis The 
vessels of the fundi were engorged. The re spiration was 4) per minute at rest The thorax 
was barrel shaped and distended on all three diameters, contrasting with a retracted 
sbdomen. The intercostal spaces were widened. There were no lower costal or abdominal 
respiratory movements. The upper thoracic wall alone moved upward, pulled by the acces 
sory muscles. Breathing seemed definitely a conscious laboring act to the patient. The per 
cussion note revealed an over-all high-pitehed resonance. The vesicular murmur was 
thoroughly absent bilaterally on the posterior and axillary fields. It was barely heard an 
teriorly in the lower third of the right lung. No rales were heard except a few transient sili 
lant rhonmehi 

The heart sounds were very distant, barely audible even at the apex. They were better 
heard at the xyphoid angle, where the cardiac beats were visible and pulsated energetically 
The arterial pressure was 130 systolic and 90 diastolic in mm. of mereury, and the pulse rate 
was 100 per minute. There was no edema. The liver dullness ¢ xtended lO em. below the right 
costal margin, but the normal hepatic dullness area was obscured by the pulmonary reso 
nance. There was no clubbing of the fingers. There was a slight leukocytosis of 12,000 per eu 
mm., with a normal differential count, no polyeythemia, and a normal erythrocyte sedi 
mentation rate 

The chest roentgenogram (figures | and 2) showed a diffuse translucency of both lungs 
No bronchovas ular m irking was ipparent in the central pulmon ury fields 1 he mediasti 
num was bordered by intensive markings descending from the hili. Previous bronchograms 
earried out in early 1952 revealed that the bronchial tree was compressed against the medias 
tinum and forward (figures 3 and 4 

Previous roentgenograms until 1949 showed a normal bronchovascular pattern in the 
upper right lung field (figure 5 

Flueroseopic examination revealed that both leaves of the diaphragm were motionless 
no change in lung translucency could be detected 

On brome howe opie examination purulent secretions were asp ited from the basilar 
segmentary bronehy espect ally on the right side 

An initial electroeardiogram was interpreted as showing signs of cor pulmonale. A see 


ond one, three months later showed also right ventri ular strain 


Pulmona y unction Testa Vethods 


A detailed report of the methods used in this laboratory was published elsewhere (10 
The maximum breathing capacity was collected with a high velocity respiratory valve 
during thirty seconds, directly in a Tissot chain-compensated spirometer The volume was 


corrected to body temperature, ambient pressure, saturated at body temperature (BTPS 


and reported in liters per minute The best of three efforts was recorded The predicted 


normal maximum bre sthing « ipracit was caleulated according to Wright * regression tor 
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The vital capacity was measured in the supine position with a Collins respirometer ind 
the volume corrected to BTPS 

The functional residual capacit was determined by the open-cireuit: oxygen chiution 
technique (Darling). The pulmonary rinsing rate was recorded throughout the test with a 
modified nitrogen meter. The percentage of nitrogen expired after seven minutes of oxygen 
breathing was determined by sampling and chemical analysis and also by direet reeording 
This is referred to as the intrapulmonary mixing index 

Phe blood gas studies were performed st rest and during a very slight effort mark time 
Phe oxygen content and capacity were determined by the method of Van Slyke and © Nell 
Phe partial oxygen and carbon dioxide pressures were determined by the bubble technique 
of Rilev and Proemmel!l, and the pH was measured with a Cambridge pH meter 

The bronchospirometry was performed with an open-erreuit ter hnique whieh permits the 
collection of the expired air from both lungs in separate Douglas bags. Thu spart from the 
recording of ventilation and vital capacity ina MehKesson double respirrometer, an accurate 
chemical determination of the expired oxygen and carbon dioxide was promsille This was 
done by the micromethod of Schollander. Further caleulations of the oxygen uptake as well 


as the respirator quotient of ene hh se parate lung were obtammed 


Pulmonary Function Test Results (Table 1 


The diagnosis of bullous emphysema was supported by the determination of the fun 
tional residual capacity. The physiologic lung volume was restricted as compared with the 
volume predicted by roentgenographic examination. The residual capacity was yet 
greatly increased in absolute value, On the other hand, the distribution was very impaired, 
is the intrapulmonary mixing index was 10 per cent These findings suggested a poor or 
intermittent bronchial communication of the aur cysts 

The maximum breathing capacity was very severely impaired; the vital eapacity was 
also much diminished. The spirographie tracing with shallow frequent breathing was more 
suggestive of a restrictive defect than of emphysema 

On repeat examination, two months later, the vital capacity decreased ISO ec., so that 
it became equal to the tidal air. On the other hand, the functional residual capacity was 
also decreased, which probably suggests a further closure of the bronchial communications 
with the cysts 

The arterial blood studies, as expected, revealed a very important desaturation and a 
very low pO». The carbon dioxide content was very high, and the partial pressure of ear 
bon dioxide on the second determination reached 65 mm. of mereury, This indieated a 
very marked alveolo-respiratory insufficiency. The oxygen saturation dropped at the 
slightest exertion 

\ study of the variations in oxygen saturation was carned out with the Millikan 


oximeter, after due calibration of the apparatus. It was found that a very muld exercise 


pedaling one minute against the resistance offered by the hands of a volunteer) dropped 


the oxygen saturation from 73 per cent to 55 per cent. The act of speaking a few minutes 
dropped the oxygen saturation to 64 per cent, On the other hand, oxvgen inhalation during 
six minutes increased oxygen saturation to 93 per cent, which in this laboratory is con 
sidered the lower limit of the normal 
\ differential bronchospirometry was also carried out in order to evaluate which 

the most impaired lung. As a Monaldi aspiration was taken inte consideration, it was 
helieved that it would be better if the stress of the procedure were taken by the lung 
whieh was found more diminished in function. The bronchospirometry showed that the 


right lung was comparatively more impaired than the left 


Course: After the study of the pulmonary function the patient was given broneh wiilators 


intihistamines, expectorants (potassium and antimicrobials, in concordance with 
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TABLE 1 
MerAsUREMENTS AND IN 
LLMPHYSEMA 


Physiologic Measurements 


yepital 


3,700 
3,070 
2.5840 


Total lung capacit 
Vital capacit ee 
Functional residual capacity, ce 
I.xpiratory reserve 
Residual volume 
(Residual volume, total lung apacity) 75.0 
Maximum breathing capacity, L/min 
Hefore bronchodilator spray 7 21 
After bronchodilator apray 3S 
Index of intrapulmonary mixing, nitrogen per 
cent 
Ventilation, L/min 
At reat 
During exercise (mark-time 
Oxygen uptake, ce./min 
At rest 
During exercise 
Respiratory quotient 
At rest 
During exercise 
Arterial oxygen saturation, per cent 
At reat 
During exercise 
Arterial pCO), mm Hg 
At reat 
During exercise 
Arterial mm Hg 
Al rest 
During exercise 
pul 
Dead space ventilation, per cent of tidal air 
At reat 
During exercise 
Alveolar arterial pressure, gradient, mm Hg 
At rest 
During exercise 
Oxygen diffusion capacity, cc./min./mm.Hg, pres 
sure gradient 
At rest 


hos piron etry 


Right Lung Left Lung 


m2 


Ventilation, per cent 

Oxygen uptake, per cent 

Carbon dioxide expired, per cent 
Respiratory quotient 

Vital capacity, per cent 


Puy a Case oF Col 
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the findings in the sputum flora his Wiis pM rformed with the haope that a possibly reversil le 
part of the syndrome, viz., obstruction through tenacious viseid sputum and or bronchiolar 
constriction, could be overcome ‘I here was absolutely no improveme nt In fact, the pul 
monary status worsened, as suggested by his progressive emaciation and proved by the 
second series of pulmon ul funetion tests. It was difficult to evaluate the course of dyspie i 
us the patient Was permanently in bed. He could live without unbearable distress only on 
resting condition. He often needed oxygen, which was given sparingly, as carbon dioxide 
narcosis was feared 

In view of the failure of current medication, the patient was given cautiously cortico 
tropin (ACTHAR-Gel" }, merely on a trial and error basis. The treatment was discontinued 
three weeks later ws no benefit could be drawn from the adre nocorticotropie hormone 

It Wie COnSpIlCuouUs that no extensive surger could be taken into consideration in view 
of the extent of the bullae and of the pulmon if insufhe rene 

After many hesitations it was believed that a unilateral intracavitar suction dram ge 
proce dure was the only chance to be offered to the patient, who was in imminence of de ith 
from ¢« urdiorespiratory failure. It sas hoped that is demonstrated in the cases of Head and 
Avery (11), this procedure would possibly permit a re-expansion of the compressed, ateles 
tatie remaining parenchyma 

In view of this intervention, an extrapleural exploration of the nmght lung in the tenth 
intercostal axillar space Was ¢ out inder local anesthesia As there no pleur il 
symphysis, a gauze pack was introduced to promote adhesions. This otherwise harmless 
pro edure precipit sted the end: After two days of no ipparent change, the patient grew 
ime reasing|ly sox became tuporous and died six dave after the intervention, after hay 
ing labored for his breath with no relef even trom oy veen 

lutopsy report The essential findings at the autop were as follow 

Cross morphology The chest was enlarged, and its antero posterior diameter 
increased. The opening of the anterior chest released a highly distended pulmonar 
The lower lobes were inflated to the limit of their extensibilit sithin the bound 
musculo skeletal container The sapect of the e two lobes compared with 
balloons, their walls being very thin and translucent. A few pleural adhe ny 


especially at the right apex 


Fic. 6. Microscopic section showing the general aspect of the lower lobes: dilated alveoli, 


septal fragmentation, and large emptied spaces 
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Fie. 7. Another microscope of the pulmonar 


the alveolar architecture and larger emptied spaces 


The sections made after formalin imyection disclosed that the lower lobes consimted of 
multiple various sized bullae or pseudoeysts, of which a few were very large. Their walls 
were very thin and shiny on the internal aspect. Where many small pseudocavities were 
present, the pulmonary tissue was honeyeombed in appearance The involved bronehi 
were as a rule dilated and their walls were thickened 

lhe other lobes were shrunken, being compressed toward the hilt by the overs ‘panded 
lower lobe Their aspect was atelectatu ind congestive. There were, however, some ven 
tilated zones 

The heart was hypertrophic and weighed 410 gm. The mght cavities were dilated, and 
the thickness of the right ventricle averaged 0.7 em Moderate hypertrophy of the lett 
ventricular wall was present 

In summary, the gross findings of the autopsy disclosed a bullous emphysema involving 
avmmetrically the lower lobes, a marked dilatation of the bronchial tree therein, a partial 
stelectasia with congestion of the remaiming lobes, and a cor pulmonale 

V oacop histology ower lobes The normal architectonies of the pulmonary paren 
chyma was utterly broken up, as if it were under the impact of ane <plosion (figures 6 and 7 

The wall of the ¢ mph ematous bullae consisted of a thin fibrotie membrane, contaming 
a few atrophic blood vessels. Here and there, one could recognize inepithelial culme lining 
mostly atrophi In the honeveombed zones, disintegrated interalveolar septa were dis 
tributed at random around clear spaces. Among the areas of broken alveoli, the smaller and 
terminal bronchioles revealed chiefly chronic inflammatory changes, their walls being 


abundantly infiltrated with lymphoeytic and plasma cells. There was some fibrosis in the 
wall of the bronchioles. and moderate fibrosis involved the adventitia of the larger arteries 


and the media and adventitia of the artertoles 


COMMENT 


The present case differs from those published by Price and Teplick in that the bullae 


involved the lower lobes instead of the upper lobes. The downward progression beginning 


in the upper lobes has been described by these writers as a typical feature of the disease 
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It is by all means a frequent feature; the present case however, demonstrates that an 
upward progression is also possible 

Successive roentgenograms suggested the autopsy finding. The films taken three years 
previously demonstrated a relati normal upper right lung field. This suggested that, 
it least in the right lung, the progression was upward, lately compressing the upper pa 
renchvma. It may also be inferred from the roentgenographic study that wv 
metric, the progression Was not simultaneous lbulaterall The left lung was dislodged by 
bullae at a time when the right lung still contaimed normally ae ited parenchyma 

No peculiarities were noted in the clinical features with the exception of the extension 
of the disease and the severity of the dyspnea. The diagnosis was made easy by the ex 
amination of the roentgenograms alone 

The pulmonary function tests conveved objective figures to account for the dyspnea 
It ix believed that the dyspnea was ascribable exclusively to the anatomic changes, as the 
patient was kept free from the intercurrent respiratory infections Phis opinion is sup 
ported by the autopsy findings which did not reveal acute inflammatory changes. The 


death was presumably caused by the progressive loss of functional pulmonary tissue toa 
| 


incompatible with minimal respiratory changes This pont was probably ittaimed 
| 


when the thoracic intervention, small as it was, caused the patient to hypoventilate 

The progressive loss ol function is suggested by the sticecessive pulmonary Tunetion 
tests. In the second series there was a significant drop in the vital capacity, a decrease in 
the arterial oxygen saturation, as well as an important rise in the pCO 

The pulmonary volume findings are worth some widitional comment. In cases of bul 
lous emphysema, the pulmonar olume figures are by no means representative of the 
real anatomic distension. As a matter of fact, there was a decrease of the functional resid 
ual capacity in the second series of tests This paradox is consistent with a further closure 
of the bullae communicating with the bronchial tree. The extreme impairment of the dis 
tribution is suggested by the nitrogen content of the expired aur throughout the oxygen 
dilution test. The figure was 9 to 10 per cent of nitrogen from the beginning of the fourth 
minute and was the same at the end of the seventh minute 

The histologic studies disclosed a chronic bronchiolitis with peribronehiolar chron 
inflammatory changes and «a moderate artentolosclerosis. There was also a scant infiltration 
with fibrous tissue in the wall of the bronchioles, but definitely less important than the in 
flammation. It is suggested that the unusual rapidity of the clinieal evolution did not 


allow sufficient time for the development of a significant fibrosis 


—UMMARY 
\ ease of giant bullous emphysema is presented with a detailed report of the pulmo 
nary physiologic measurements. These cise lowet an unusually severe ventilator ind 
alveolo-respiratory insufficerenes 
The extent of the anatomic damages ix substantiated by the autopsy report which 
disclosed that the emphysema bullae involved svmmetneally both lower lobes and « sused 


the partial atelectasis of the remaining pulmonary tissue 


(MARIO 


Pruchas 


vesicular gigante con wormenorizada 
de las mediciones fispolog | revelaron entiladora 


alvéolo respiratoria ¢ ordi lnmente grave 
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La extension de las lesiones anatémicas quedé comprobada por el informe de la autopsia 


que revelé que las vesiculas enfisematosas invadian simétricamente ambos lébulos inferiores 
y provocaban la atelectasia parcial del tejido pulmonar restante 


KESUME 


Emph yaeme bulleux bilatéral progressif obaervation et mention spéciale des teata de la 


fonction pulmonaire 


Présentation d'un cas d’emphystme avee bulles géantes et rapport détaillé sur les 
déterminations physiologiques de la fonction pulmonaire. Celles-ci ont démontré l’insuffi 
sance exceptionnellement marquée de la ventilation et de l'oxygénation alvéolaire 
L,'étendue des altérations anatomiques est confirmée par l'autopsie qui a montré que 
les Iésions bulleuses intéressaient symétriquement les deux lobes inférieurs et provoquaient 


latélectasie partielle du parenchyme pulmonaire restant 


knowle dgmer nt 


The writers wish to express their thanks to Dr. Ernest Bousquet for his surgical advice 
and assistance 
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INTRODUCTION 


In an earlier report (1) it was stated that siderosis in welding is not considered to be a 
disabling disease, for there is said to be no pulmonary fibrosis; nevertheless, the clinical 
picture of several welders showed respiratory difficulty, possibly related to inhalation of 
welding fumes. It was pointed out that biopsy of the lung, post-mortem examination, and 
determination of pulmonar y function in siderosis might shed light on the nature of respira 
tory difficulty which has been noted. Observations of this sort are described in the present 
communication, which includes the post mortem findings in one welder, the histopathologic 
changes in biopsy material from another, and determination of the pulmonary function in 


4 welders 


CASE REPORTS 


Case 1. A. R., aged 47, had been a welder for twelve vears. Because of chronic cough, ex 
pectoration of mucoid sputum, and dyspnea on exertion, he was admitted to the Barton 
Memorial Division of Jefferson Hospital, under the eare of Dr. Peter A. Theodos, in Janu- 
ary, 1954. The patient was first found to have a sear in the right upper lobe in 1947 following 
& mass survey at the plant where he worked. This sear was considered to be tuberculous in 
nature Nevertheless, subsequent examinations over the vears indicated a gradual le 

velopment of an emphysematous bleb without evidence of tuberculosis Previous to being 
told of the roentgenogr aphin findings he said that he felt well. Since his attention was 
drawn to the bleb he had been aware of shortness of breath, particularly on exertion. He 
attributed his cough and sputum to smoking. In the past history he related that, ai the age 
of fifteen years, while playing tennis he developed sudden pain in his chest, which was diag 
nosed later to be spontaneous pneumothorax. The systemic review and the family history 


were noncontributary 

The ph sical examination showed the patient to be a tall and thin man who ippeare d to 
be quite apprehensive. The head and neck were essentially normal except for a number of 
sinall hard lymph nodes. A node in the left supr wlavicular region measured ipproximatel 
Zem. in diameter. The chest was rounded and the signs were those of emphysema. bxamina 


tion of the heart and the abdomen revealed no abnormalities. The fingers showed no acro 
pachy. The temperature and the pulse rates were normal, The respiratory rate at rest aver 


aed approximately 24 per minute. The blood pressure was LW) systolic and 70 diastolic in 


mm. of mercury. A roentgenogram of the chest (figure 1) made on January 10, 1054 


the left lung field to be essentially clear. On the right side in the region of the upper 


were blebs. On the lateral film these blebs were found to be contined to the upper loobve lhe 


remainder of the right lung was normal 

Urinalysis was normal. Three blood counts showed hemoglobin 12.5 to 15.5 erythro 
cytes, 4,000,000 to 4,550,000; leukocytes, approximately 10,000 per cu. mm., with normal 
differential counts. The urea nitrogen was 12.8 and plasma proteins, 7 mg.; albumin, 5 


gm und globulin, 1.9 gm. per 100 ml. The vital capacity was S87 per cent of normal 


From the Department of Medicine, Jefferson Medical College, and Division of Medi 


cine, Pennsylvania Hospital, Philadelphia, Pennsylvania 
Presented in part betore the Medical Session, as part of the session on Nontuberculous 
Puln onary Disease at the annual mee ting ofl the National Tuberculosis Association 


Atlantic Cit New Jerse on May 17, 1054 
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Fic. 1. Case 1. Roentgenogram of the chest showing considerable emphysema with bleb 
in the right upper lobe, with exaggerated linear shadows in the right lung. (Courtesy of 
by Paul Swenson 


Pulmonary funetion studies earried out by Dr. Richard T. Catheart indicated «a moder 
stely advanced degree of pulmonary emphysema as shown by the high residual volume, the 
high index of mixing, and the configuration of the spirogram. Although the arteral oxygen 
saturation was diminished and the carbon dioxide retention was moderately elevated, the 
over-all performance was considered to be satisfactory and the degree of pulmonary insufh 
ciency to be only minimal 

On January 19, 1954, the blebs in the right upper lobe were removed with the patient 
under anesthesia, using endotracheal ether and oxygen. A site for lung biopsy was selected 
on the inferior margin of the right upper lobe at an area of dark pigmentation. A section of 
lung measuring 3 em. long, 2 em. wide, and 2 em. thick was removed 

The histologic studies of the section removed (figure 2) showed the alveolar walls to 
be somewhat thickened with considerable cellular infiltration of the walls. In the alve 


olar spaces, numerous phagocytes containing brownish particles were present. Seattered 


throughout the section were small areas packed with almost black particles whieh on ap 


propriate staring proved to be iron parte les. A number of small blood vessels ippeared to 
be somewhat narrowed in their lumina, due principally to the thickening of the walls 


figure 3). In the perivascular lymphatic spaces there were nests of particles of iron with a 
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suggestion of proliferation of fibrous tissue about them. On staining the sections bv the 
methods of van Gieson and Mallory, fibrosis could be demonstrated within and surround 


ing the deposits of iron. The fibrosis was only moderate in degree 


In this case the symptoms were purely those of emphysema. There was no definite evi 


dence that the symptoms were due to these small foe: of fibrosis. Nevertheless, it is of 


interest to note that the particles of iron oxide did cause localized fibrosis 


Case 2. A man, aged 47, worked as a welder for some twenty vears. He used coated and un 
coated rods His we lding had been done on tanks and met ils 1 here was no history of ex 
posure to foundry dust or to silica dust except for the small amount of silica material in the 
coatings of the rods. He used the conventional ty pe of helmet and often used goggles alone 

Five days prior to his death the patient developed headae he and dizziness, followed by 
loss of consciousness. | pto the time of his present illness he had no symptoms re ferable to 
his chest. He complained of nothing in the way of cough, expectoration, thoract distress 
or dyspnea on exertion. He worked as a welder up to the time of the above illness 

The post mortem studies were made at Mi Sinai Hospital Milwaukee The cause ot 
death was rupture of intracranial aneurysm. The heart was entirely negative. On the 
ple ural surface, in subpleural zones, and seattered throughout the lungs were small pig 
mented areas, some of which were palpable while others were not These deposits were more 
numerous in the pleural and subpleural zones 

The alveolar walle were thickened, and the alveolar spaces were filled with ph gocytes 
containing brownish pigments. These cells did not take the stain for iron. There was no 


evidence of chronic passive congestion of the lungs. The sections st sined for iron showed 


Fria. 4. Case 2. Fibrosis in an nodule of tron oxide as illustrated by staining for iron and 
fibrous tissue Courtesy of D Norbert Enver 
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that the pigmented areas represented deposits of particles of iron. When the sections were 
stained for fibrous tissue after the methods of van Gieson and Masson, there was definits 
evidence of hyperplasia of reticulum and fibrosis within and about the foe: of deposits of 
iron (figure 4). Dr. kenzer (6) beliewed that there was no doubt as to the presence of tilrosis 
within the areas of the deposits of iron Dr. Peter A. Herbut, Jefferson Medical College 


reviewed the sections and agreed with Dr. knzer's conclusion 


This case also seems to indicate that deposition of iron oxide in the lungs as may occur 
in welding may cause local areas of fibrosis within and about the foci of deposits. It also 
suggests that these localized areas of deposits of iron and fibrosis do not necessarily cause 
symptoms referable to the respiratory system It is interesting to recall that, up to the time 
of the patient’s relatively sudden death from rupture of intracranial aneurysm, he had 
been perfectly well and was working without cough, expectoration, and shortness of 


breath so far as his family knew 


Pulmonary Function Studies 


Pulmonary function studies were done on 4 welders, and the following case is an illus 


tration of the pattern of results which were noted 


Case 3. 3. T., aged 5O, was a patient of Dr. Martin H. Wendkos and was studied in the 
Division of Medicine, Pennsylvania Hospital, in December, 1949. The patient began his 
work as a burner, using acetylene torch, in 1922 and continued this work for seven years 
In 1929, he began carbon are welding in the manufacture of the frames of trucks. Most of 
the work was done in a booth measuring 15 feet long, IL feet wide, and 10.5 feet high. He 
did this work continuously until Oetober, 1948. As a rule he would use two to three sticks 
of carbon a dav. Usually the booth contained a considerable amount of smoke nel clust 
He used a welding mask which covered his face and extended to just below the chin, How 
ever, it did not prevent heat and dust from coming in contact with his face 

The air sample in the shop showed total solids were 46.4 mg. per culie meter, of which 
4.9 were iron oxide. The carbon material was not in excess of 1.5 mg. per cubre meter 
which was equivalent to 4.12 per cent of the dust collected, and the tron oxide constituted 
05.8 per cent of the dust collected. The value of 34.9 mg. of tron oxide per cubie meter wae 
considered not excessive. No silica dust was apparently recovered 

The patient complained of cough, expectoration, dyspnea on exertion, and pain in his 
chest beginning in approximately 1946. Beeause of these symptoms he was examined roent 
genographi ally on numerous oecasions. All of these examinations showed scattered nodu 
lation throughout both lungs (figure 5). On physical examination he showed cyanosis about 
the face. The chest showed signs of emphysema. The heart was normal, The blood pressure 
was 110 systolic and 70 diastolic in mm. of mercury. The blood count showed polyeythemin 
most likely secondar hemoglobin, 17.2 and erythrocytes, 5.500.000 per mm The 
sputum was negative for acid-fast bacilli. The eleetroeardiogram was normal. The bron 


choscopic examination was essentially normal except for some reddening of the mucosa 


The results of the pulmonary function studies can be summarized as follows: The 


arterial oxvgen saturation was slightly diminished. The arterial blood carbon dioxide 
was not elevated. The oximeter rate was prolonged. Total hemoglobin and oxygen capacity 
were reduced, Residual capacity and the ratio of residual to total capacity were definitely 
increased. Respiratory rate and depth were greater than normal. Maximal breathing 
capacity was normal. Intrapulmonary gas mixing Was normal 

The pulmonary function studies were repeated in three months. The findings were 
essentially normal. The vital capacity had increased. The oximeter rate and rise were 


normal, Some of the studies were repeated after the patient had walked three mules per 
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Pia. 5. Case 3. Chest roentgenogram showing scattered nodulation throughout both 
lungs Courtesy of ay Dept, Pennsylvania Hospital 


hour on a treadmill for four and one-half minutes. Although there was a low normal 
urterial saturation at rest, there was slight but definite increase in this value following 


the walk on the treadmill. Again the maximal breathing capacity was normal 


COMMENT 


It is generally accepted that welders who have been ¢ xposed to a high concentration ot 
fumes develop varying degrees of irritation of the mucosa of the respiratory tract. As a 
rule, this condition passes off in a few hours without causing permanent changes of the 
tissues. The incidence of nasal inflammation is said to be higher than would be expected 


in the general population, especially in welders working in en losed spaces and with 


galvanized metal The re spiratory symptoms such as cough and mucoid expectoration 


frequently complained of by welders are considered indicative of irritation of the mucosa 
of the upper respiratory tract and are not associated with pulmonary fibrosis or serious 


respiratory insufficiency. There is no impairment of exercise tolerance 
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In «a certain percentage of welders who have been employed for a long time, particularly 


in enclosed spaces, changes take place in the lungs which from the roentgenog: iphic stand 


point resemble moderately advanced silicosis or anthracosilicosis. These changes are 
principally nodular densities throughout the entire lung field, but heaviest in the middle 
thirds of each lung about the hilar regions. These nodular densities are due to deposition 
of minute iron oxide particles in the perivascular and penbronechial lymphatics. These 
particles lie inertly in these lymphatics and the lymphoid tissues of the lung without caus 
ing local fibrosis of the pulmonary parenchyma. When the exposure of the fumes is dis 
continued, this particulate matter may be removed with eventual clearing of the roent 
genographic densities in the lungs. The roentgenographie changes by thenmsel we 
considered unimportant since they are not associated with pulmonary fibrosis. The roent 
genographic appearances of the lungs were desenbed by the orginal investigators of this 
condition, Doig and MeLaughlin (2) and binzer and Sander (3 
The incidence of pulmonary changes varies depending upon the concentration of the 
iron oxide in the aur and the effectiveness of the svstem of ventilation used. OF 500 welders’ 
films, Sander (4) found less than 5 per cent which showed the changes. His conclusion was 
that deposition of iron pigment would not take place to a visible degree when the work was 
not confined. In another group of SO welders (5) who were working on auto and jeep 
frames, however, where the work was not unusually confined except for canvas partitions 
hetween the groups of welders, almost 50 per cent developed pulmonary changes. This 
occurred even though the duration of exposure Was only six to seven years in some of those 
exposed. The reason was thought to be an excessively hea concentration of the furmes 
ind a lack of proper ventilation 
During the past three years, the present writer has studied the roentgenograms 
250 welders \pproximatel AM of the films were examined im connection with ma 
for tuberculosis by the Philadelphia Tuberculosis and Health Association. Of the total, 
approximately 5 per cent of the films showed exaggeration of the pulmonary markings with 
scattered nodular shadows im some. A number of welders who showed practically no 
changes other than emphysema had more clinical evidences of respiratory disorders than 
those with nodulation demonstrable on roentgenograpl It seems that. the older the 
welder, the more severe is his respiratory difficulty, irrespective roentvenograpliv 
evidences of pulmonary changes 
It is generally accepted that the incidence of pulmonary tuberculosis among 
is no greater than that seen among the general population. The clinical course 
culosis in a welder s 1s same as in nonwelders. Five welder 
nary tuberculosim wer doin the usual fashion and all improves pon rece 
went back to welding an e not developed relapse thus tar 
Whether iron oni inhaled in welding ized 
requires further studies. Biopsy of the lung, which is a harmile procedure 
skillfully, if carmed out in a group of welders with or without roentgenograpli 
of the lungs, may throw much light on the subject. Post-mortem studi 
Phe histologic studies desenbed in this report seem to 
ticles may cause localized areas of fibrosis about the foc 
fibrosis os minimal but. nevertheless. it is pre 
that siderosis as seen in welding, general! onsidered 
nary fibrosis, may not require reconsideration 
Phe findings of the pulme function studies in Case 
ilues compatible wi emphysema. To determine the degres 


it seems clear that the ; method of stud of definite alin 
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SUMMARY 


In 2 cases of siderosis due to welding, there was evidence of localized fibrosis within the 
areas of deposits of iron oxide, as shown by the histologi stucies of the tissues. The extent 
of fibrosis was minimal and caused no respiratory insufficiency 

In 4 cases, pulmonary function studies were carried out The findings were consistent 


with mild emphysema 
Among 250 welders examined roentgenographically, approximately 5 per cent showed 


pulmonary changes such as exaggerated linear shadows, particularly about the hilar re- 


gions, aml scattered nodular shadows indistinguishable from silicosis in some of them 


SUMARIO 
Traatornos Reapiratorios entre los Soldadores 


icn 2 casos de siderosis debida al ejercicio de la soldadura, habia signos de fibrosis locali 
zada dentro de las zonas de depositos de éxido férrico, segdn revelaron los estudios histo 
era minima en su extension y no ocasioné insuficiencia respiratoria 


siendo los hallazgos 


en 4 casos. Hevdronse a cabo estudios de la funcién pulmonar 
compatibles con la existencia de enfisema leve 

entre 2%) soldadores examinados radiogréficamente 
tales como exageracion de las sombras lineales, 


aproximadamente 5 por erento 
en 


mostraron alteraciones pulmonares 


particular junto a las regiones hiliares, y sombras nodulares esparcidas, indistinguibles 


de las de la silicosis, en algunas de las personas examinadas 


RESUME 


Troubles respiratoires chez les soudeurs 


Dans 2 cas de sidérose imputable aux travaux de soudure il existait des foyers de sclérose 
dans les aires dle dé port d'oxvde de fer, comme le montrait examen histologique des tissus 


L’importance des lésions fibreuses était minime et n’entrainait pas d'insuffisance respira 
tore 
Dans 4 cas, les études de la fonetion respiratoire ont été effectuées Les résultats con- 
cordent avec le processus d'emphyséme modéré 

Parmi les 250 soudeurs examinés radiologiquement, 5% environ présentaient des altéra 
tions pulmonaires, telles que des opacités exagérées, en parti ulier au niveau de la région 


hilaire, et. chez certains des sujets examinés, des opacités nodulaires non distinetes de ln 
silicose 
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Editorial 


Relationship of Tuberculous Infection to Illness’ 


Within «a generation, death from tuberculosis could be a rarity if present 
medical knowledge were applied to each uninfected person fot the remainder of 
life. Deaths would occur only among those already infeeted and most of them 
could be prevented 

Tubercle formation begins within an hour after tubercle bacill invade. Thus, 
the interval between infection and lesions is almost momentary. As lesions of 
primary complexes develop, the bacilli they harbor may persist briefly or for 
decades. Clinical tuberculosis may result within a few weeks or at any subsequent 
time in the person's life, including very old age Present evidence leads to the 
SUSPICION that most clinieal tuberculosis in this country is due to endogenous 
rather than exogenous reinfections 

On the basis of tuberculin testing, it is estimated that 25 to 53 per cent of our 
citizens are infected, with a preponderance in the older age bracket. Some ot 
them now have clinical disease, and the others are potentially clinical cases 

With present antimicrobial drugs or even with better ones to come, there ts 
little hope of destroving all bacilli in the bodies of these persons except possibly 
in those recently infeeted. Nevertheless, a tried and well-established method of 
nig this problem is available Much lise tission has centered around the pre 
ponderanes ol advanced chron tuberculosis when discovered Phe chief reason 
for this situation is that persons harboring tubercle bacilli have not been ex 
amined olten enough 

During the past thirty-four years we have tried every proposed clinical case 
finding procedure The only one found to ln economically sound and produc tive 
of best results embodies the linking of infeetion with clinical lesions. There ts 
always a clinical case responsible for another person’s infection It is only the 
infected who subse cyte ntly present clinical disease. Thus, the method consists of 
finding infected persons, examining them periodically, and seeking sources among 
their associates. By such periodic examinations one is able to find most of evolving 
chronic clinical lesions on an average of two or three years betore illness occurs 
or contagion is present. [tis during this period that lesions respond to a nuninunm 
of treatment and are usually prevented from causing symptom and eliminating 
bacilli. Manv such eases were treated successfully even before antimicrobial 
drugs vere available Except to locate infeeted persons this method mveolves no 
dissipation of time, effort, and funds on great masses of people vho do not harbor 
the organism. Thus, the primary attack is m ide on the tubercle bacillus. Prece 
dents have been established which leave no alternative For ex itripole frome the 


opening of the first veterinary school in 1762, numerous effort to control tuber 


Jaged on an address before the General Meeting at the Fiftieth Anniversary Meeting of 
the National Puberculosis Association Atlantic Cit New Jerse Niu Is. 1054 
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culosis among eattle were unavailing for the next one hundred and thirty vears 
heeause the attack was made only on clinical lesions. After tuberculin became 
available to veterinarians, effort was directed against the tubercle bacillus and 
the subsequent accomplishment of American veterinarians has been designated 
man’s greatest victory over tuberculosis 

Our work on various groups of people yielded insignificant results until we be 
gan searching for tubercle bacilli rather than just gross lesions. In our s« hool of 
medicine a desperate situation existed among the students as long as all activity 
was directed to finding and repairing large areas of disease. In the classes graduat 
ing between 1919 and 1952, demonstrable lesions appeared in 92, and IL died 
After the tuberculin test became routine in 1928, all who harbored tubercle bacilli 
on entrance to school as well as those who subsequently became ites ted were 
promptly identif ed and managed accordingly. Only in this way was it possible 
to locate sources of infections of students and eliminate them. During the past 
ten vears. only one student developed a lesion large enough to be deteeted by 
roentgenography 

Similar results have been attained in schools of nursing by use of the tuber 
culin case-finding procedure In one school in which 12 to 19 per cent ot student 
nurses in the classes of the late nineteen twenties and early nineteen thirties devel 
oped demonstrable lesions, only 2 have developed clinical disease in the past 


decade, This procedure has been employed so long on sufficiently large numbers of 


people in all decades of life that it ts commended without qualification to tuber 


culosis workers everywhere 

Thus, with uncanny accuracy, with well-known but minor exceptions, persons 
harboring tubercle bacilli can be located by the tuberculin test, and those in 
whom gross lesions have already evolved should promptly be treated and the 
contagious cases isolated, The remainder must be examined periodically at suf 
ficiently short intervals so the annual crop of clinical lesions certain to evolve 
among them will be found in time to treat successfully and keep their tubercle 
bacilli corralled before they have caused illness or have become contagious. Only 
in this way will it be possible to prevent the hordes of tubercle bacilli now har 
bored by a fourth to a third of our population from spreading to the bodies of 
many of the uninfected two-thirds or three-fourths of our 161,000,000 citizens 

With our present therapeutic armamentaria, it would appear that from now 
on there will be little exeuse for illness and death from chronic tuberculosis in 
this country, except tor those who are neglected by reason of their own personal 
negligence or our failure to adequately inform them. To this group must be 
added those who now have too much destruction to recover and those who do 
not respond to modern treatment 

With many contagious cases of tuberculosis now among our infected popula 
tion and many other persons who will disseminate organisms before they can be 
found. bacilli are certain to invade a segment of the two thirds to three-fourths 
of our present uniter ted population In the past little effort has been made to 
attack the vast armies of tubercle bacilli to prevent their destruct: eness. Most 
work has consisted of following far behind these armies and trying to repair the 
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damage they have done. The time has arrived when the major attack must be 
made upon the tubercle bacillus itself rather than waiting until infected Persons 
have developed new implantations which have resulted in symptoms, are liberat 
ing tubercle bacilli, or cast visible roentgenographic shadows. Testing uninfected 
persons periodically with tuberculin locates the armies of tubercle bacilh if they 
invade soon after arrival 

We long lamented the lack of one or more germicidal drugs to use as soon as 
an invasion of tubercle bacilli could be detected. James J. Waring now believes 
that the time has arrived when streptomycin, para aminosalicylic acid, and 
isoniazid should be promptly administered to persons who have recently con 
verted from nonreactors to reactors to tuberculin with no other evidence of 
tuberculosis. He says, “It seems completely illogical not to treat an infectious 
disease at the earliest possible moment. The tuberculin test serves two important 
functions: properly used it tells us not only that an infeetion has taken place but 
when and perhaps even where that infection oecurred Vow that we have 
potent, inexpensive, and casily taken antimicrolnals against the tubercle bacillus 
every effort should be made to identify the moment of infection, the time of conversion 
of the tuberculin test, so that treatment may be started.’ 

If drugs are to be effeetive in curing tuberculosis in the sense of destroying all 
tubercle bacilli in the human body, they must be administered soon after inva 
sion oceurs. At the time of conversion to a tuberculin reaction the lesions of 
primary complexes are so small and vascular that drugs in the blood stream 
would be exper ted to reach all bacilli. Inasmuch as tuberculous lesions of some 
duration tend to lose their vascularity, it is unlikely that any drug administered 
after this has occurred would sterilize the body of its tubercle bacilh regardless 
of its germicidal quality and its concentration in the blood stream. Living and 
virulent tuberele bacilli have been found in lesions of exhumed bodies four 
months after embalming. It appears, therefore that present chemotherapy ad- 
ministered as soon as possible after the invasion occurs, as recommended by 
Waring, should be given a thorough trial. If this succeeds, as it may well do, it 
will be possible to banish illness from tuberculosis. One could reasonably expect 
that, with such prompt destruction of tubercle bacilli of the imitial infection, 


such treated persons would convert back to nonreactors to tuberculin and, if 


subsequent exogenous infections occurred, they could promptly be detected by 
| | 


tuberculin and treated again in the same manner. 

This entire long-range program is one of sound economy. The demonstration 
of the veterinary profession is a good example. Its members recognized the 
seriousness of tuberculous infection and how it leads to illness, contagion, and 
death in animals. In 1892, they demonstrated that practically all infeeted ani 
mals can be located by the tuberculin test. In 1917, a nationwide eradication 
compaign was instituted, with the tuberculin reaction as the sole diagnostic 
agent. By 1954, throughout the nation, it was necessary to test approximately @ 
thousand cattle to find one infeeted. In some areas, only | in 5,000 reaeted,: in 
large sections, none. Thus, the expense of finding each reactor in 1954 was much 


greater than it was during the first few decades of this century. However, this 
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was offset many times by the reduction of losses from illness and death of an- 
mals. In 1917. from a total of 9.276.049 cattle slaughtered under federal inspec 
tion in the United States, 40,746 were condemned as inedible because of tuber- 
culosis. Among 15,204,998 slaughtered in 1953, only 391 were so condemned 
Likewise among humans the nearer we come to the eradication goal, the more 


expensive it will be to find infeeted persons because of their sparsity, but the 


greater will be the yield in preventing illness and death. The staggering past 
and present costs will slowly but surely vanish, thus offsetting many times the 
cost of finding infected persons 
We may be in the dawn of the first day of a period when tuberculosis can be 
cured and when such terms as active, inactive, arrested, and reactivation will be 
abandoned. If so, we must administer the tuberculin test to all of our citizens 
and periodically retest the nonreactors to find invasions in time. 
J. Anruur Myers 
Minneapolis, Minnesota 
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THE DIRECT ANTITHYROID ACTION OF PARA-AMINOSALICYLIC ACID 
AND ISONIAZID 


Although clinical reports’ and animal experiments have called attention to the ap 
parent antithyroid action of para-aminosalicylic acid (PAS), there have been no reported 
studies showing that this action is directly on the thyroid and not through the inter 
mediary of other factors or endocrine organs. Since thyroid slice investigations have 
shown the mechanism of action of known antithyroid compounds the slice method 
has been applied by the present writers to study several drugs used in tuberculosis 
therapy. The present report concerns the effect of PAS, isoniazid, streptomycin, and 


dibydrostreptomycin upon the iodine metabolism of surviving thyroid slices 


The standard procedures" were employed for carrying out surviving thyroid 
slice incubation with I is a tracer and subsequent analysis for metabolic rodine 
products within the thyroid slices. One hundred and fifty milligrams of surviving 
thyroid slices from freshly slaughtered calves were incubated (Dubnoff Metaboli 
Shaker) in 3.0 ml. Krebs Ringer's bicarbonate buffer (pH 7.3) for two hours at 
37 .5°( in the presence ot OF=.Ol microcuries of I and the indicated concentration 
of drug under investigation. The supernatant buffer was then decanted, the slices 
washed with two O.1 mil portions of buffer at o¢ ind the total I content of 
the slices was measured. Protein-bound | ditodotyrosine I snd thyroxine 
trinodothyvronine I fractions in the slices were also determined by acid pre 
cipitation® and butanol extraction" techniques. The inorganic I fraction was 
obtained by the difference between the total ind protein bound I content of the 
slices. A well-type scintillation counter was employed for measuring the ['" con 


tent of the fractions. The incubations were carried out in qu rdruplie ite 


The results are summarized in table | by presentation of averages and standard devia 
tions. The drugs used in tuberculosis treatment are compared with thiouracil, which 
has a strong in vivo direct antithyroid action®:*. The last column in table | gives the meas 
ure of the relative endocrine effectiveness of the thyroid tissue, since the thyroid hor 
mones, thyroxine, and triiodothyronine are the major physiologically active products of 
that tissue” “. The data in the last column show that 10°° molar and 10°* molar 
p-aminosalicylate have reduced the hormone synthesis to 7.3 and 20.6 per cent of that 
of the controls. The direct antithyroid action of PAS is slightly leas than that of thioura 
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TABLE 1 


or iN Sunvivine Tuvromw 


Per Cent of Initial 1@ 


Control« 

para amine 
salicylate 

para amino 
salicylate 

10? M isoniazid 

* isoniazid 

10° M streptomycin 
sulfate 

Vv dihvdro 
streptomycin sul 
fute 

Ww thiouraesl 

VW thiouracil 


cil. Isoniazid at the ! molar concentration has a definite antithyroid action which 
diminishes markedly at 104 molar concentration. Slight, if any, direct antithyroid ac 
tion is exhibited by streptomycin or dihydrostreptomycin 

Neither PAS nor isoniazid inhibits the accumulation of inorganw I jodide ton) in 
thyroid tissue. Instead, PAS (like thiouracil) inhibits the formation of diiodoty rosine 
and thyroid hormone and allows a relatively large fraction of norgani I™ to accumulate 
in the tissue. In spite of its phenolie group, PAS does not itself bind iodine under the 
conditions of this study 


Earlier studies have shown that PAS has antithyroid effects. There have been several 


reports of goiter and, rarely, myxedema oecurring in patients treated with PAS'~*. In 


ats. PAS has been shown to produce structural ¢ hanges in the thyroid gland", increased 
thyroid weight'®, and impaired total uptake of radioiodine’: " Studies with human 
subjects have shown that therapeutic doses of PAS will partially inhibit the uptake of 
radioiodine by the thyroid gland”. ". After withdrawal of PAS therapy, an ivid uptake 
of iodine occurs”. ”. The present investigation confirms the antithvroid effect of PAS 
and provides some data concerning its mec hanisim 

Most investigators have assumed that PAS acts directly upon the thyroid itself. Wong 
et al.” observed no effect of PAS on the pituitaryadrenal axis. While the present studies 
do not exclude the possilility of an additional indirect action, they demonstrate that a 
direct action is clearly present 


The present work helps explain the observation that iodine therapy is quite neflective 
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in relieving cases of goiter due to PAS*.”. If PAS had an antithyroid action similar to 


that of thiocyanate or perchlorate, i.e., blockage of the iodine-concentrating rather than 


the iodine-binding function,®-™ then such a block might be readily overcome by large 
doses of iodide. Actually, however, PAS inhibits the formation of thyroid hormone, and 
this block is not overcome by supplying more inorganic iodine to the gland. Indeed, there 
is both in rivo and in vitro evidence that excessive iodine intake would in itself block 
thyroxine formation! 

\lthough iodine therapy does not relieve the goiter caused by PAS, thyroid medication 
has been found to be effective’. *. This effect may be explained if one assumes that thy 
roid medication helps to suppress an overproduction of thyroid-stimulating hormone, 
which may occur when PAS blocks the formation of endogenous thyroid hormone 
Experiments with thyroid slices are in progress to determine if thyroid-stimulating 
hormone can overcome the inhibitory action of PAS 

In summary: In vitro studies with surviving thyroid tissue have shown that PAS 
exerts a direct antithyroid effect, blocking the formation of diiodotyrosine and thyroid 
hormone. This action is only slightly weaker than that of thiouracil. Isoniazid at the 
10°? molar concentration has a definite antithyroid action which diminishes markedly at 
10 * molar. Streptomycin and dihydrostreptomycin have little or no direct antithyroid 
effect. These findings help to explain the clinical occurrence of goiter and myxedema 
imong patients receiving PAS therapy and the ineffectiveness of iodine medication in 


relieving PAS-induced goiter 


Raprormerore R. W. Anger 
VETERANS ADMINISTRATION HosprraL S. W. Mayer 
LonG Beacn, CALIFORNIA Morron 
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THE CONSTRICTIVE SUTURE (PAULINO) THORACOPLASTY 


The apical constrictive suture type of thoracoplasty (Paulino procedure) was recently 
reported in this country by DeCamp and his associates The operation consists of a 
modified partial thoracoplasty (four ribs) with extrafascial apicolysis. Constrietion of the 
diseased apical area is obtained by the use of three encireling suture ligatures of cotton or 
silk. The morbidity and mortality rates following the Paulino procedure are said to equal 
or excel those of the orthodox multi-stage Alexander operation. It has the advantage of 
being a single operation in which skeletal deformity and functional loss are minimized. 
Since the present writers believed that the need for a satislactory surgy al collapse pro 
cedure was still present in the therapy of tuberculosis, it was decided to try the Paulino 
operation in a selected group of patients 

Accordingly, 10 constrictive suture operations were performed between November, 
1953. and July, 1954. It is recognized that the value of any medi al or surgical procedure 
cannot necessarily be decided with such a small series. The results obtained, however, and 
the complications which followed the 10 operations convinced the writers that this was 
not a satisfactory collapse procedure for use in this hospital 

The technique has been fully described by DeCamp and is not technically diffieult 
Operative and postoperative complications, however, present a real problem. In 5 of the 
10 patients, there were no postoperative complications \ traumatic pneumothorax was 
created during 2 of the 10 operations. In each case the operation was completed ind 
closed suction drainage was instituted. Re-expansion was prompt and complete in both 
patients. The presence of intrapleural fluid, however, will probably result in a diminution 
of pulmonary function on the operated side as the inevitable pulmonas <vinphysis 
develops. A hematoma in the subcostal space required evacuation in one patient. This 
drained for several weeks. Empyema in the subcostal space occured in 3 patients. Two of 
these gave evidence of a definite fistulous communication with the space. In the third 
patient a fistula is suspected, but has not been proved. One of these 3 patients had a con 
version of the thoracoplasty to the orthodox six-rib type. The fistula ¢ losed, and the wound 
healed. In the other 2 patients the encircling sutures were removed. One has had a comple 
tion of his thoracoplasty. The second patient is awaiting the same procedure Both of these 
wound sinuses remain open eight months after the orginal operation hight of the 10 
patients had had sputum negative for tubercle bar illi prior to thoracoplasty. In one pa 
tient. after an initial “conversion” of sputum, a return of infectiousness required a seg 
mental resection of the apico-posterior segment. The operative procedure was relatively 
simple, sinee the involved area had already been fairly well deline ited with the constretion 
sutures One other patient had a single sputum culture positive for tubercle baecilh four 
months after thoracoplasty. He has remained noninfectious consistently siner that time 
Nine of the 10 patients have sputum negative for tubercle bacilli at the present tune 

Resection has displaced thoracoplasty as the most commonly used major surgical pro 
cedure in the therapy of pulmonary tuberculosis. There remains, however, 4 need for 


thoracoplasty in a large group of patients who are unsuitable for resection Phe Pauline 


procedure cloes not appear to he satisfactory for that group The type of patient sho would 


he considered suitable for a Pauline type of thoracoplasty is the patient who is also a good 
resection candidate. For the group in which a thoracoplasty is indicated, a plombage or an 


Alexander type of procedure is a better operation The occurrence of empyema in the 
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extrafascial space in 3 of 10 patients, 2 of whom had proved fistulous communications, 


presents a complication rate out of proportion to the benefits obtained from the operation, 


In his larger series of patients, DeCamp did not encounter such a high rate of complica 


tions. In this brief note it is not intended to cover the subject in a formal way, but only to 


sound an alert to the complications which may occur 


VeTeRANs ADMINISTRATION HosprraL James D. Munrny 
(rreen, Norru Dexter T. 


January 19, 1955 
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THE USE OF TRITON WR 1339 AND OF MALACHITE GREEN IN 
CHARCOAL MEDIA FOR TUBERCLE BACILLI 


It is the purpose of this note to present some modifications of charcoal media for cul 
tivating tubercle bacilli 

Use of Triton WR 1339 in charcoal liquid media: Dubos and Middlebrook' first showed 
that the polyoxyethylene ether Triton \ 20 exerted, like Tween” SO, a dispersing effect on 
tubercle bacilli growing in liquid medium. They noted that Triton A 20 brought about a 
less finely granular culture than did Tween® SO. Although both of these agents prevented 
the formation of large amorphous clumps of bacilli, only Tween” SO was capable of pre 
venting alignment of the bacteria in long serpentine strands. Dubos and Middlebrook 
also observed that the ether linkage in Triton A 20 was in general more stable than the 
ester bond in Tween” SO. Enzymes of animal tissues were capable of attacking Tween* 
80, destroying its wetting activity, and liberating oleic acid. In contrast, Triton A 20 
appeared to be unaffected by these enzymes. Although Triton A 20 exerted no detectable 
toxicity on virulent and attenuated strains of mammalian tubercle bacilli, the growth of 
the avirulent variant H37Ra was inhibited by this surface-active agent. 

Triton WR 1339 (Winthrop-Stearns, Inc.) contains in purified form a polyoxyethylene 
ether from the preparation formerly known as Triton A 20. These and related substances 
have recently been shown by Cornforth, Hart, Rees, Mackaness, and coworkers’ * to 
exert interesting effects on host parasite relationships in experimental tuberculosis 

Rees and Hart have also studied the effect of various polyoxyethylene ethers on the 
growth of mycobacteria in vitro*. They found that the toxicity of these compounds for 
tubercle bacilli was related to the length of the ethylene oxide chains. In confirmation of 
the findings of Dubos and Middlebrook with Triton A 20, they observed that the svnthetix 
Tritons of medium chain length inhibited the growth of avirulent variants of tubercle 
bacilli, but were nontoxic for attenuated and virulent acid-fast bacteria. It has also been 
recently observed in this laboratory that good growth of attenuated or virulent tubercle 
bacilli may be obtained in liquid media containing final concentrations of Triton WR 1339 
as high as 2 per cent 

In the preliminary studies on charcoal liquid media’, it was found that activated carbon 


protected mycobacteria from the toxic effeets of certain substances, for example fatty 


acids, and thus promoted growth from small inocula, When Tween” SO was added to these 
liquid media, however, in attempts to achieve dispersed growth, difficulties were encoun 
tered. Since Tween” SO contains oleic acid, both free and esterified, large amounts of char 
coal were required to counteract the toxicity of this substance. High concentrations of 
charcoal were found to neutralize the dispersing effect of Tween” SO, and in addition 
rendered the medium so opaque as to be impracticable 

It was reasoned that a truly nontoxic wetting agent might be useful in circumventing 
these difficulties. As Triton WR 1339 appeared to be free of toxicity, at least for atten 
uated and virulent tubercle bacilli, studies were made of the effect of this surface-active 
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TABLE 1 
Tue Errect or Tarron WR 1339 anv or on or 
Liquip Mepium 


Growth? of Tubercle Ba i (BCG 
sto the Base Medium’ Size of Inoculum (Dilution of Dispersed 


1:10? 


None + large clumps 0 
Norite A®, 0.01 per cent large clumps + large clumps + clumps 
Priton WR 1339, O05 per 
cent dispersed +++ + dispersed 
Norite 0.01 percent 
Triton WR 1339, 0.05 


per cent dispersed dispersed + + dispersed 


* Base medium: Na, HPO, 03 per cent; KH,PO,, O04 per cent, sodium citrate 
2H.0, 0.05 per cent; ferric ammonium citrate, 0.0025 per cent, MgsO. 7H, 0.001 per 
cent; asparagine, 0.2 per cent; Bacto-Tryptone”, 0.5 per cent; glycerol, | per cent. All 
ingredients, including the Norite A® and Triton WR 1339, were sterlized in the auto 
clave 

t Amount of growth estimated by visual examination after incubation at os 


two weeks and graded from + + + + heavy growth) to ne growth 


agent on the growth of tubercle bacilli in charcoal liquid media. The results of one of these 
experiments are presented in table | 

As may be seen in the table, the addition of Triton WR 1339 resulted in dispersed 
growth of BCG-Phipps. In addition, it seemed to foster growth from small inocula as 
compared with the tubes containing no wetting agent o1 charcoal, In those specimens to 
which both Triton WR 1339 and charcoal were added, dispersed growth was obtained with 
regularity, even from very small inocula. Similar results were obtained with the human 
attenuated tubercle bacillus, RIRv, and with the virulent form H&7Rv. The enhancing 


effect of Triton on the growth of tubercle bacilli under certain conditions, noted previously 


by Dubos’, might be due to alterations in the bacterial surface, to changes in the nature 
of the solvent properties of the culture medium, or might even be related to neutralization 
of toxic substances in the environment 

This chareoal-Triton liquid medium thus appears to be much superior to charcoal 
Tween* 8O media. Although Dubos Tween*-alburmin liquid medium supports growth of 
even smaller inocula and leads to dispersal in distinctly finer bacteria! clumps than chat 
coal-Triton liquid medium, the latter, with its advantages of economy and ease of prepara 
tion, may prove suitable for many routine laboratory purposes 

Use of Triton WR 1339 in charcoal agar medium: Some experiments were also done in 
which Triton WR 1339 was added to the standard charcoal agar medium. When a final 
concentration of 0.05 per cent Triton was autoclaved with this medium, several effects 
were noted. First, the surface of the medium was altered so that aqueous solutions inocu 
lated on it spread widely and dried rapidly. Likewise, as might be expected, colonies of 
tubercle bacilli on this medium appeared smooth and mucoid as compared with the dry 
rough colonial morphology on standard charcoal agar. Lastly, and perhaps most impor 


tant. with certain strains of mycobacteria the addition of Priton WR 1339 seemed to 


Denos, R. J.: J. Exper. Med., 1948, 48, 73 
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TABLE 2 
ANTIFUNGAL AND ANTIMYCOBACTERIAL ActiviTY OF MALACHITE GREEN IN 
Cuancoat Acar Meotom 


Growth of Microorganisms 


‘ tration of 


h ! Co ung 5 Per 
Malachite Green On Standard Charcoal Agar Jn Charcoal Lx? giptnins 08 Per Cent 
Onalate® ‘Per Cent riton WR 1599 


Aspergullus miger Mycobacterium Ry Aspergillus miger Mycobacterium HiT Ry 


0 
ool 0 
0 005 
0 0025 
0 OO125 

None 


* Autoclaved with the medium 


enhance growth from small inocula. On serial dilution and plating of dispersed cultures of 
tubercle bacilli, in many instances the counts on charcoal agar-Triton medium were five 
to tenfold higher than on standard charcoal agar. It is not clear whether or not this rep 
resents true enhancement of growth. Triton might lead to higher colony counts by bringing 
about dispersal of clumps of bacilli, or by favoring the formation of localized colonies 
which do not spread and merge as readily as they do on standard charcoal agar 

Valachite green in charcoal agar: Many substances, including some of the new antifungal 
agents, were tested in efforts to find a material which would inhibit the growth of con 
taminating fungi on charcoal agar without affecting the growth of tubercle bacilli. The 
most effective agent found was malachite green, a dye which has been widely used for its 
antifungal effect in egg media 

The results presented in table 2 show that, when certain concentrations of malachite 
green were autoclaved in charcoal agar, the resulting medium supported well the growth oi 
tubercle bacilli, but inhibited completely the growth of the fungus Aspergillus niger 
In the absence of Triton WR 1339, a final concentration of 0.005 per cent malachite green 
oxalate was optimal. Interestingly, the addition of Triton enhanced the antifungal effect 
of malachite green so that, even at a final concentration of 0.001 to 0.002 per cent, the 
growth of Aspergillus niger was prevented 

The experiments outlined in table 2 were performed in a variety of ways. In one set of 
tests a large inoculum of fungus and a small inoculum of H37Rv were streaked on the 


same plates; on those plates containing appropriate concentrations of malachite green, 


pure cultures of the tubercle bas illi were obtained. Several other varieties of fungi, isolated 


as contaminants on charcoal agar plates but not precisely identified, were also examined 
and their growth was found to be completely inhibited at concentrations of malas hite 
green which were sufficiently low to exert no effect on growth of tubercle bacilli. As one of 
the most prominent difficulties encountered in cultivating tubercle bacilli on solid media 
is contamination by fungi, it would seem advisable to incorporate malachite green in the 
charcoal agar medium in order to avoid, or at least to minimize, this difficulty 

In summary: Experiments have demonstrated that under certain circumstances it may 
be advisable to add Triton WR 1339 to liquid or to solid charcoal media for cultivating 
tubercle bacilli. This polyoxyethylene ether promotes moderately well-dispersed growth 
in liquid medium, and, in contrast to Tween” 80, exerts no toxie effect on virulent or 


attenuated mycobacteria. In charcoal agar solid medium, Triton WR 1339 alters colony 
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morphology in the direction of smoothness and seems to foster growth from very small 
inocula 
When appropriate concentrations of malachite green are autoclaved with charcoal 
agar medium, growth of fungi on this medium may be inhibited without detectably af 
fecting the growth of tubercle bacilli 
LABORATORIES AND OF THE James G, Hinscn 
Rockerevcer [Nstrrure ror Mepicat Researca 
New York, New York 


February 24, 1955 


THE INFLUENCE OF PYRIDOXINE ON THE IN VIVO ANTITUBERCULOUS 
ACTIVITY OF ISONIAZID 


Pyridoxine and its derivatives, pyridoxamine and pyridoxal, have been shown to re- 
verse competitively the in vitro activity of isoniazid on organisms such as Lactobacillus 
plantarum, Saccharomyces carlshergensis, and Escherichia coli'*. However, a certain 
discrepancy exists whether this phenomenon is observed with strains of Mycobactervum 
Boone and Woodward! reported that these substances had no effect on the antituberculous 
activity of isoniazid when M. tuberculosis H37Rv, BCG, and M. butyricum were used as 
test organisms. Pope’, on the other hand, found that both pyridoxal and pyridoxamuine 
could overcome the in vitro effect of isoniazid on M. tuberculosis H37Rv. A further in 
dication of the reversal of certain of the actions on isoniazid by pyridoxine were the obser 
vations by Oestreicher, Dressler, and Middlebrook‘ and Biehl and Vilter® that symptoms 
of peripheral neuritis, which may follow the administration of isoniazid in the treatment 


of human tuberculosis, could be prevented or alleviated by doses of pyridoxine 


TABLE 1 


Tue Inecoesce or oF Pyarpoxine rer KiLoGRaM oN THE 
oF Isontazip iN THE INTRAVENOUS M. 
H37Ryv Inererion of 


Route of Administration 
Pyridoxine Isoniazid 
Diet 
Diet 
Subcutaneous 
Subcutaneous 


Subcutaneous 
Subcutaneous 


Subcutaneous Subcutaneous 2 6 


Widespread gross pulmonary lesions were observed in all 42 untreated animals 


This evidence is conflicting in regard to the reversal of the in vitro bactenostatu effect 
of isoniazid by pyridoxine and its derivatives. There seems to be no doubt, however, that 
pyridoxine, under certain conditions inhibits the neurotoxic effects of isomazid. Con 
sequently, it seemed important to undertake the present study to determine whether 


pyridoxine has any effeet on the activity of isoniazid on VW. tuberculosis in vivo 


The technique of evaluating the effect of substances in the experimental infection of 


Boone. 1. U., ano Wooowarnp, K. Proce. Soe. Exper. Biol. & 1955, 484, 22 
M ano Asano. N Seience, 1953, 117, 277 
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V. tuberculosis in vivo has been described earlier*. In the present experiments, mice which 
had been infected intravenously with M. tuberculosis H37Rv were treated by incorporating 
isoniazid in the diet or by injecting the substance subcutaneously. If pyridoxine was to be 
administered by the same route as the hydrazine, it was incorporated in either the same 
diet or the same solution. In one experiment the substances were given separately by 
different routes, namely, isoniazid in the diet and pyridoxine subcutaneousl) 

In all cases, treatment was started immediately after infection and continued for a 


period of twenty-one days, at which time the animals were sacrificed and examined for 


gross lesions 

Pyridoxine was always administered at a constant dose of 500 mg. per kg. regardless of 
whether it was mixed with isoniazid or given separately. Isoniazid, on the other hand, was 
varied with doses ranging from 2.5 mg. per kg. to 250 mg. per kg. when fed to the animals 
in the form of diet and from 1 mg. per kg. to 10 mg. per kg. when injected subcutaneously 

Under these conditions, the effect of pyridoxine on isoniazid can therefore be determined 
by comparing the CDy (50 per cent curative dose) of isoniazid when it is used alone with 
the CDy of isoniazid combined with a fixed amount of pyridoxine. The results of such 
experiments are presented in table 1. In this table it may be seen that pyridoxine, regard 
less of whether it is administered by the same or a different route, has no effect on the pro 
phylactic antituberculous activity of isoniazid in rwo. 

In summary: Despite the fact that, under certain conditions, pyridoxine can reverse 
the activity of isoniazid on M. tuberculosis in vitro and exert a protective effect on periph 
eral neuritis in humans, it was not possible to antagonize the prophylactic effect of 
isoniazid in mice infected with M. tuberculosis H37 Ry 

Addendum: After this note was submitted for publication, a paper by Brun, Cayré 
and Viallier (Compt. rend. Soc. de biol., 1954, 748, 1S17) was received by the writers in 
which it was reported that it was not possible for pyridoxine to antagonize the effect of 
isoniazid on the M. tubercu/osia infection of guinea pigs 
W. 


CHEMOTHERAPY LABORATORIES 
HorrmMann-LaRocne Ine 
New Jersey 


March 9, 1955 


Lerwant, B.: Proce, Soe. Exper. Biol, & Med., 1951 


a 
* 
| 
77, 4; 


Correspondence 


MICROBCOPICALLY POSITIVE SPECIMENS OF ATYPICAL ACID-F AST BACILLI WANTED 
To the Editor of The American Reneu of Tuberculosis and Pulmonary Diseases: 


We are at present studying the staining properties of atypical acid-fast ba« ili found 
in sputum or other pathologie material, For the purpose of this investigation, the speci 
men should contain atypical acid-fast bacilli microscopically; cultures are not suitable 


If any of your readers would be good enough to send me such specimens, I should be most 
grateful 
Diran YGIAN 


Ray Brook Strate Hosrrran 
Ray Brook, New York 


Apr il 13, 19055 
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Books 


Tue Cunicat Puystovogy or THe Lunes. By Ceeil K. Drinker. Pp. 54, Charles C 
Thomas, Springfield, Ilinois, Price, $5.50 


In this short monograph the author approaches some of the problems of pulmonary 
physiology in a rather unique manner by considering them from the anatomic point of 


view. The structure of the pulmonary and bronchial circulations, the air passages, nerves, 


and lymphaties of the lungs are briefly reviewed. The function of these tissues is lise ussed 


with frequent reference to clinical situations, 

The pulmonary circulation is contrasted to the systemic circulation in an interesting 
manner. Dr. Drinker points out that centrally regulated vasomotor adjustments, axon 
reflexes, and the local effects of metabolites and of inflammation have been shown to 
exercise rigid control of the systemic circulation, There is little clear-cut ey idence, how 
ever, that the lesser circulation is similarly affected. On the other hand, experimental 
work is cited which indicates that the permeability of the pulmonary capillaries may be 
significantly increased by neurogenic mechanisms. The latter have no apparent effect on 
the permeability of the systemu capillary hed. The pathophysiology of pulmonary infare 
tion, pulmonary edema, cough, and of bronchospasm are briefly considered. The most 
important experimental work, including that performed by the author which has con 
tributed to an understanding of these problems is reviewed. The pulmonary lymphatics, 
a subject neglected by most physiologists, receives considerable attention 

The monograph is written in an informal, nondidactic, occasionally rambling style 
The illustrations are well chosen. Attention is focused on numerous unsolved problems in 
pulmonary physiology. Teleological arguments are advanced in several places No attempt 
is made to thoroughly cover all the pertinent literature on any single subject. No con 
sideration is given to certain phases of pulmonary physiology such as lung volumes, alveo 
lar ventilation and perfusion, mechanics of ventilation, the clinical value of pulmonary 
function studies, and the pathophysiology of conditions such as chronic pulmonary em 
physema and alveolo-capillary block 

This book does. however, contain a great deal of interesting material and ts certainly 
thought-provocative 

BRauNWALD 
New York, New York 


BacrertaL Genetics. By Werner Braun. Pp. 238, with illustrations, W. B Saunders 
Company Philadelphia, 1953, Price, 86.50 


In the past fifteen years the most striking advance in microbiology has been in microbial 
genetics a development that has placed the study of microbial variation on a rational 
basis. and has allowed it to take its proper place as an important section in the orchestra 
of biology. Indeed, microorganisms have become the favorite material for genetic inves 
tigation, since they lend themselves conveniently to the study of large populations and 
also to the analysis of genetic phenomena at a molecular level. Bacteria in particular 
have been shown to have genetic units that are organized in nucle: and can undergo muta 
tion and recombination in a manner essentially identical with that of hygher organisms 
Asa result of this rapid development, many bactenologists are using terns ind concepts 
which are unfamiliar to other bacteriologists. Furthermore, the literature of microbial 
genetics is scattered in a great variety of journals The present book should offer a good 
deal of help in overcoming these difficulties. It is a concise and able account, designed for 


BOOKS 


the reader who has no knowledge of genetics. The sections on biochemical aspects of the 
field are rather brief. and the author naturally gives more attention to the area in which he 
is personally engaged: population changes involving altered colonial morphology and 
virulence. From the point of view of a student of general microbiology, this feature of the 


book might be a disadvantage but, to a medical bacteriologist, it is probably an vivantage 


The discussion of ad iptive enzyme lormation stresses the role of autocatalytic toplasm 


elements, a hypothesis which seems increasingly unsatisfactory in the light of recent 
ey idence 
In general, the style is clear and readable, although not always sufficiently precise. For 
example, on page 101, in many cases the ability of bacteria to produce the specifi 
enzyme requires the presence of a specific substrate.” “Ability” here refers to the actual 
production of the enzyme rather than the genetic potentiality of doing so 
Bernarp Davis 
New York, New York 


NoNnTUBERCULOUS or THE Edited by Dr. Andrew L. Banyai.-Pp. 1115, 
with illustrations varies C Thomas, Springfield, Ilinois, 1954, Price, $18.75 


An ever-expanding knowledge about pulmonary diseases makes it desirable that a concise 
resource book be available. In Nontuberculous Diseases of the Chest, thirty-seven contribu 
tors have collaborated with such a purpose in mind. The contents of this book detail 
pulmonary diseases to all types except those produced by pulmonary lesions, those pro 
duced by industrial hazards, effects of foreign bodies in the tracheobronchial tree, and 
various types of lung carcinoma. A section on inflammatory diseases describes the pulmo 
nary aspects of viral, fungal, and bacterial infections. An all too bref section attempts an 
interpretation of physiological mechanisms in respiration In the 1,113 pages of this text, 
one is impressed by the authors’ attempt to include every known disease entity capable 
of producing alterations in the respiratory system 

It is obvious that the time necessary to bring together this amount of information pro 
hibited the inclusion of much of the recent data from the medical literature. The chapter 
on pulmonary physiology is not only incomplete but fails to incorporate accepted termi 
nology in deseribing pulmonary physiologic processes. Incomplete and misleading informa 
tion is found, especially in some of the therapeutic recommendations. For example 
radioactive sedium is recommended in therapy of leukemic infiltrations of the lung, 
eschatin (adrenal cortex extract) is recommended for therapy of shock in burns rather 
than cortisone, irradiation therapy of undiagnosed pulmonary lesions is advised, and the 
use of vitamin A in therapy of chronie bronchitis is endorsed 

\ lack of editorial integration produces repetition and redundancy. There is insuf 
ficient pictorial illustration. Thus, lengthy deseriptions of roentgenographic lesions could 
be replaced to advantage by a roentgenogr iphic illustration of the disease under discus 
sion. In this book there are many needless irrelevancies which often detract from the main 
point under discussion. Several paragraphs of quibbling about nomenclature of a par 
ticular cell in the Hodgkin's granuloma add nothing to understanding the pathological 
aspects of this clisense 

The book may have some value as a reference for medical students but, in this respect, 
many of the chapters would benefit by a sharpened and concise emphasis. Thus, in the 
section devoted to lung abscess, little more than casual mention is made of the etiology 
significance of carcinoma of the bronchus in producing pulmonary abscess. There is no 
emphasis on the value of tomography in the delineation of pulmonary lesions. Nowhere 
is there any reference to the specific problem of the “coin lesion.’ 

Nontuberculous Diseases of the Lung” cannot be considered authoritative, nor does 


it serve as a suitable source for references. It contains many inaccurate and misleading 
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statements. In many sections the grammatical construction is often labored, and there is 
poor organization of content 
Raven F. Jacox 
Rochester, New York 


THERAPIE DER LUNGENTUBERKULOsE. By FE. Hesse, St. J. Leitner, H. Roth, H. Wissler, 
ind B. Fust. Pp. 544, with illustrations, Mediziniseher Verlag Hans Huber, Bern and 
Stuttgart, 1954, Price, $15.00 


This symposium on the therapy of pulmonary tuberculosis consists of four articles written 
by four different authors. The first two chapters on “Pharmaco- and Dietotherapy of 
Tuberculosis” by Hesse and of “Clinical Therapy of Pulmonary Tuberculosis” by Leitner 
ind Roth furnish a complete description of all forms of treatment used in past and present 
times. We are tempted to say that the description is too complete and in many instances 
repetitious, since both chapters deal with the same numerous types of treatment, many 
of which are entirely abandoned, at least in this country. On the other hand, anyone 
interested in the development of the medical and surgical treatment of tuberculosis will 
find these chapters very useful. They are accompanied by an admirably complete bibliog 
raphy. A somewhat more critical clinical evaluation by these distinguished authors 
would have been desirable. In these days after the closing of the Trudeau Sanatorium 
it is of interest to observe the importance given to climactic therapy by the houropean 
authors. They can use collapse therapy more frequently. Leitner and Roth use roentgeno 
grams and diagrams to beautifully describe their technique and indications 

The third chapter, which is unfortunately too bref, deals with the treatment of tuber 
culosis in children. After the clear description of the different problems in treating tuber 
culous children, perhaps more should have been said about the dangers and implications 
which oecur particularly in this age group, such as miliary spread and meningiti 

The last chapter is dedicated only to therapy with isoniazid. Fust coordinated for Hoff 
man-LaRoche much of the pharmacological and clinical research dealing with isoniazid 
alone and in combination with other antituberculous drugs, and he gives a very complete 
review of the available literature (677 references). This alone makes the study of this 
article extremely useful for anyone interested in the clinical and/or experimental evidence 
accumulated with the use of this drug. Moreover, the material is very well organized with 
intelligible subtitles and in a manner which makes it easy to find numerous references for 
inv given problem 

This volume will not only be useful for the practicing physician, but also perhaps even 
more for those who are doing research in the field of antituberculous drugs 

D. Koon Wereses 


Chicago, 
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SkARMBILDS By Nanne Osearsson. Pp. 154, with illustrations, 


upska Universitetsbokhandeln, Lund, Sweden, 1954 


As pt GANG Pana a By 


Thomé George Villar. Pp. 200, Dissertagio de Doutoramento Apresentada a Facul 
dade de Medicina « mi, Lishon, 1054 

Dit Stuts and Heinz Vieten. Pp. 256, with illustrations 
Cieorg Thieme Verlag, Struttgart, 1955, Price, $15.70 

ScreNTIFIC COMMUNICATIONS Reseancu ent. Brocades Stheeman & Pharmacia 
Volume I\ Jul 1953 Jul 104. Amsterdam, Netherlands 

Reactions wirn Dru THerary. By Harry L. Alexander. Pp. 301, with illustrations, 


WB. Saunders Compatr Philudelpl im and London, 1955, Price, $7.50 


American Trudeau Society 


Medical Section of the National Tuberculosis Association 


SYMPOSIUM ON CORONARY ARTERIAL DISEASE 


The following symposium on coronary arterial disease was held at the meeting of 
the Eastern Section of the American Trudeau Socie ty in 
Washington, October 23,1954 


The participants in the symposium were 

Dr. Wallace M. Yater of the Yater Clinic, Washington, D. C., formerly 
Professor of Medicine, Georgetown University School of Medicine 

Dr. Claude 8. Beck, Professor of Cardiovascular Surgery, Western 
Reserve University and University Hospitals, Cleveland, Ohio 

Dr. David 8S. Leighninger, Instructor in Surgery, Western Reserve 
University 

and 

Dr. Bernard L. Brofman, Instructor in Medicine, Western Reserve 
University, and Director, Cardiovascular Research, Mount Sinai 
Hospital, ¢ leveland 


CORONARY ATHEROSCLEROSIS IN BRIEF (Dr. Yater) 


Coronary atherosclerosis is a disease. It is not the mere concomitant of aging Athero- 
matosis, atherosclerosis, and arteriosclerosis are different things. Atheromas, especially 
aortic, are not rare in children, arteriosclerosis is confined mainly to the aged, and coronary 
atherosclerosis is a disease essentially of the male in the prime of life 

No one knows how fast or how slowly coronary atherosclerosis develops and progresses 
1t may exist in a subclinical state for years. Enos found among 300 supposedly healthy 
soldiers. whose average age Was twenty-two years in 200 cases and who died as the result 
of trauma, that 77 per cent of the hearts showed gross evidence of atherosclerosis. In 15 
per cent there were atheromatosis plaques causing luminal narrowing of 50 per cent or 
more, and ms puer cent sti h plaques ( aused ( omplete mn lusion of one or more ol the larger 
coronary arteries. Is it not conceivable that many of these men, had they lived, might have 
continued to be apparently healthy until their forties or fifties before the disease of the 
coronary arteries became evident clinically? We have all observed patients who lived 
for vears after their first clinical episode of coronary heart disease, perhaps with occasional 
episodes of coronary insufficiency, an experience which indicates that the disease waxes 
and wanes throughout its chronic course 

The etiology is still unknown in spite of intensive investigation by many research 
workers during the past two decades. To date, only a few definite facts are known about 
the etiology. Heredity is a clear-cut one. Among a large group of young soldiers with 
coronary artery disease studied during World War II, I found a family history of de 
generative vascular disease four times as often as in a large control group Others have 
found a similar high familial incidence of coronary heart disease 


The fact that most of the obturating atheromatous plaques are located at or near 


points of bifureations of the larger coronary arteries indicates that the main reason these 


arteries are more involved by atherosclerosis than other arteries is the eddying about 
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bifureations which occurs during the diastolic recoil of the dilated coronary arteries, a 
condition not existing to anywhere nearly the same extent in other artenes Repeated 
traumatism at these points of stress could conceivably (/) increase the permeability of the 
intima to lipids, and (2) cause fragmentation of the internal elastic lamina, which could 
stimulate the production of fibroblasts. Whether these two events oecur simultaneously 
or one regularly precedes the other is not known. This predilection as to location may be 
one of the reasons why men are more prone to develop coronary atherosclerosis than 
women, since their hearts are probably subjected to greater stresses and strains than those 
of women. It may be that the greater thickness of the intima of the main coronary arteries 
of newborn males as compared to females is an attempt on the part of nature, although 
obviously a vain one, to protect these arteries in the male against the greater stresses and 
strains 

On the other hand, a more important reason why the premenopausal woman is relatively 
immune to coronary heart disease may be hormonal, and, in fact, certain animal expert 
ments have shown estrogen therapy to retard the development of coronary atherosclerosis 
in cholesterol-fed cockerels while having no effect on aortic atherosclerosis 

That dietary factors and a disturbance of the cholesterol-lipid-lipoprotein metabolism 
are important is now accepted by many on the basis of animal experiments, biochemical 
tests in patients, and epidemiologic studies. Coronary atherosclerosis can be produced in 
animals experimentally by vanous methods, all involving abnormal cholesterol or lipid 
feeding, with or without other abnormal alterations. Hypercholesterolemia and the eleva 
tion of certain blood lipids are seen more often in people with coronary atherosclerosis in 
the accelerated stage. Ethnic groups (Italian, Spanish, Chinese, Japanese, Bantu, and 
others) who consume diets low in cholesterol and lipids have lower plasma lipid levels and 
much less coronary heart disease than our own countrymen who live on a higher caloric, 
higher fat diet. Apparently with such a diet as ours the regulatory functions, especially 
of the liver, are not entirely adequate in hereditarily susceptible people 

And yet, this is not the whole story, because we find that the earliest atherosclerotic 
lesion may not contain cholesterol. Enos found selerotic coronary plaques in young 
Japanese soldiers without any cholesterol, and the Japanese have a low fat diet. My group 
found similar lesions in voung American soldiers, although most of them had cholesterol 
containing plaques. I have no doubt that a disturbance of fat metabolism is an important 
accelerating and augmenting factor in the formation of atherosclerotic plaques; but is 
it the primary factor? 

That coronary atherosclerosis is not a simple part of the aging process has been fully 
demonstrated by the studies of Enos, already noted, and by our own experiences in World 
War II] in the study of S66 cases of coronary heart disease in soldiers aged eighteen through 
thirty-nine years. Were these observations the result purely of a concentration of patho 
logic and patient material or were they due to abnormal conditions among the troops? 
Was this large number of cases an indication of what is “normal” for our young men, or 
was it because they had higher fat diets in the Army and lived more strenuously? The 
answer is not easy, but coronary heart disease was the commonest cause of nontraumatic 
sudden death among our troops in World War II, the other two most common causes 
being meningococecemia and subarachnoid hemorrhage from congenital « erebral aneurysms 

I could speak about body build and obesity as factors in predisposing to coronary 


atherosclerosis, but the evidence is inconclusive. We have known many asthenic and thin 


patients with the disease. And hypertension it is not a cause but merely an accelerator 


These remarks all add up to one thing: Choose your ancestors he born a male, and live 


in a country where the standard of living is low. And they point up the fact that we still 
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do not know the cause of coronary atherosclerosis. Treatment, therefore, has been wholly 
symptomatic. Consequently the method you are about to learn, based on extensive animal 
experimentation, deserves your utmost attention, since it definitely improves the cireula 
tion in the myocardium 

As a prelude to what you are going to hear, I want to talk briefly about a few things 
I learned from a study of 950 men who died of coronary artery disease in the Armed 
Forces 

The age distribution of these men was weighted materially on the side of young men, 
since most of our soldiers are voung men. There were 42 men from eighteen through 
twenty-four vears of age, 7S from twenty-five through twenty-nine, 142 from thirty 
through thirty-four, ISS from thirty-five through thirty-nine, 250 from. forty through 
forty-nine, and 250 from fifty through ninety years, with 216 of the latter bemng fifty 
through sixty-nine years of age 

About 50 per cent of the men from eighteen through thirty-nine years, from whom 
adequate histories could be obtained, had no symptoms of the disease prior to the fatal 
attack, and 10 per cent of the men forty years of age and older had had no previous mani 
festations. Of those with earlier symptoms, about a third had had attacks of coronar 
insufficiency without myocardial infarction, whereas angina of effort, dyspnea, congestive 
failure, and previous clinical infarction occurred in much lower percentages 

Death occurred instantly in more than 50 per cent of the men less than thirty and in 
ibout 40 per cent in the men thirty years and older. The percentages of those who died 
within twenty four hours ranged from S5 in the men less than 30 to 15 in those fifty and 
oldet 

Only about 40 per cent of the 950 men had gross myocardial infarcts, the percentage 
increasing from about 20 in men less than thirty to about 50 in men more than forty. In 
other word ill of these men died of coronary insufhiciency or a “mec hanism failure,’ as 
Dr. Beek calls it 

Of interest is the finding that about 13 per cent of the men did not have more than 
moderate narrowing of any coronary artery; most of these did not have infarets. Throm 
hosis of one or more arteries, fresh, organizing, or old, was found in only about 50 per cent 
of the men. often in association with selerotic oeclusion, Scleroti occlusion alone or 
curred in the other 37 per cent. These figures show that coronary thrombosis can be 
diagnosed only by the prosector. It should never be a clinical diagnosis. The only clinteal 
diagnosis is coronary with or without myocardial infarction 
From these data one may observe that both diagnosis in the asymptomatic stage of 


coronary atherosclerosis. even with the eleetrocardiogram before intarction occurs ind 


prognosis after the diagnosis has been made are impossible. But once the diagnosis has 


been made, theoretically at least, any not too risky procedure which will materially im 
prove the blood suppl to the mvoeardium should be carned out pre led the patient 


recovers from his acute episode without too much myocardial damage 


SURGICAL APPROACH TO CORONARY ARTERY DISEASE! (Drs. Beck and Leighninger 


Dr. Leiwhninger and I are pleased to have Dr. Wallace Yater act as the muxlerator mn 
this on coronar artery disease. Dr. Vater has carned out exten e stuches 
on the prea t m the heart m patients vho died from this clisense These tuclies have 


apple to the « ipproach in this disease 


his work was ‘ y grants from the U.S. Publie Health Service and the Cleveland 
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avy of introduction it may be stated that the history of coronary artery disease 
may be divided into three periods. The first period is that of clinical recognition. This 
began about forty vears ago when Herrick published his article on the clinical manifesta 
tions of angina pectoris. The disease was described earlier, of course, but general medical 
awakening towards coronary artery disease began at about that time. The electrocardio 
gram was introduced in 1903 and it became the dominant factor in diagnosis. To this ts 
added the use of drugs, oxygen, and bed rest. These activities comprise the period of 
clinical diagnosis 
The second period is that of revascularization of the heart This began in the exper 
mental laboratory in 1932. It differs from the first period in that the coronmar esse ls 
were dealt with direct! Chis direct approach to the coronary blood vessels | welded 
considerable information which could not have been obtained in any other way. This 
period of history is based upon three facts which are the subject of this presentation 
The first point concerns the importance of 4 to 6 ec, of blood per minute to an isehemu 


area of myocardium. Such a small quantity of blood is of no significance if the coronary 


arter\ supplying the myocardium is fully patent or ul the artery is oecluded by one-half 


or even three-fourths of its lumen. However, if the artery is occluded completely, then 
this quantity of blood assumes tremendous importance because it preserves the coordi 
nated mechanism of cardiac contraction. Therefore, this quantity of blood delivered to an 
ischemic area of myocardium saves life. Furthermore, this small quantity of blood: pre 
serves the viability of heart muscle. It reduces or prevents the degeneration of heart niusele 
into a sear. These quantities of blood are not sufficient to provide contractility to a lange 
area of ischemic heart muscle. But we have found that, if the normal mechanism is pre 
served so that the heart can keep on beating, then additional blood comes in trom sur 
rounding areas where the blood supply is normal and contractility of this ischermiuc muscle 


is restored 
The second point upon which this period is based concerns the type ot deat! 
occurs in victims of coronary artery disease. There are two types of death: One 1 
a break in coordinated mechanism which we refer to as mechanism death; the other t 
of death is due to myocardial degeneration and failure, D1 Yater stated this morning that 
in his opinion, break in mechanism kills well over 90 per cent of ili victims of coronas 
artery disease. We regard this as an important figure When vou examine these hearts, 
ou find that the diseased process in many of them is slight. These hearts could keep on 
beating for vears if the circulatory conditions were slghtl 
The third point which characterizes this perwmd is fine ry operation 
provides these shght cl inges in the circulation which enabl pon beating 


even alter a coronal irter is occluded, This fae 


mental work and is being applied in the treatment of patients 
It can be stated that the benefit from operation is about a 
the basis of the experiments. It has not been disappointing 
The third period in the history of the disease is that of prevention bffort 
to understand the causes of arterial degeneration. Dr. Yater touched upor 
ind mentioned the role of blood lipids, estrogen, and cholesterol. It m 
before this disease under control b sta begin 
In order to under ‘ he accomp! rgien! Operatio important 
to understand it nh s searcely necessar » state ry operation 
innot stop the oeclus process in the coronary arteries. It O Seal iry to 
state that surgical oper on cannot restore degenerated myocardium ing operation 


cannot give the stem of coronal irteries, What i nde av im to 
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supply a cruteh to a crippled coronary cireulation It can provide a small amount of blood 


(6 to 8 ce. per minute) to an ischemic area of heart muscle. This blood reduces mortality 
and helps to preserve the viability of heart muscle after a major coronary artery ts ligated. 

The effectiveness of any surgical procedure to improve the circulation in the heart 
ean be measured in two wavs. Both of these methods have been developed in our ex 
perimental laboratory over a long period of years. These methods will be referred to 
because they are of fundamental importance in this development. By means of these two 
methods of study the effectiveness of an operation or of any one step in an operation can 
he measured before it is applied to human patients. [t is scarcely necessary to say that a 
surgeon should be obligated to make such measurements before he applies an untested 
procedure to the human patient 

The first method is the coronary artery-ligation-mortality infarct: method This method 
was used early and extensively in our work. [t consists in placing a ligature around a 
major coronary artery in order to produce total coronary occlusion. The artery used is 
either the descending ramus or the circumflex ramus of the left coronary artery or the 
right coronary artery. As soon as the ligature is tied, two statistical studies are carried 
out. One concerns mortality and the other concerns the size of the infarct in the dogs 
which live long enough to develop an infarct. Statistical studies are obtained on mortality 
and size of infarct in normal control dogs using the same test artery Similar studies are 
obtained in dogs in which a procedure under investigation was applied to the heart at some 
previous time, The interval of time between the procedure under investigation and the 
ligation of the test artery is determined by the experimenter The dogs are kept several 
months in order to obtain both early and late mortality. The size of the infarct is deter 
mined by making cross-sections of the heart at various levels and observing and measuring 
it. It is readily possible to determine whether the infarct is grossly absent, small, medium, 
or large 

This test gave us important information. However, it must be carried out properly; 
otherwise it has little or no value. A number of variables are present in this test. One 
variable is based upon certain differences in the coronary circulation itself in normal dogs 
The communications between one coronary artery and another are variable. In order to 
take care of this factor it is necessary to apply the test to a sufficiently large number of 


dogs. There are other \ iriables in the test. These are as follows 


the general health of the dog, the absence of distemper and other diseases, the 
nutritional condition of the dog, the size of the dog, the anesthesia, the surgical 
technique, the placement of the ligature in reference to any brane hes which might 
he missed coming off the artery ligated, the completeness of the occlusion, post 
operative care, et cetera, These \ iriables must be taken care of in the best possible 


In the early vears of this work the opinion was held that the ocelusion of the artery 
should be a gradual process in order to simulate the oeclusion generall produced b 
disease. Thus my associate, Dr. Kenton Phelps, spent two years (1938-1940) in m labors 
tory in the development of method, but was unsuccessful. Now, however, we know that 
gradual occlusion is followed by the production of intercoronary arteries ind these make 
it possible to produce complete oeclusion of descending ramus or circumflex ramus in a 
normal heart without mortality. This adaptation of the circulation to gradual occlusion 
introduces a variable factor in the test This factor makes it impossible to measure the 
benefit produced by any surgical procedure by means of this test. ( omplete occlusion in 
one step rather than partial or progressive occlusion appears to be the only way by which 


protection can be me mured 
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AA AA 


A. B 
Normal (AVR) 


WIV 


After ligation Circumflex artery. Bleeding to air 
Inversion T wave A. 2.4cc. per minute.(38 drops) 
A Moderate S-T depression Severe S-T depression 
B. Very slight S-T depression B. 6.8cc. per minute.(l08 drops) 
Severe S-T depression. 


A 


Fibrillation 
Alin 4 minutes. B. In 6 mnutes. 
Fic. 1 


The second method is the Mautz-Gregg backflow method. This method is carried out a8 


follows: The circumflex ramus of the left coronary artery is dissected out. This artery is 
The artery is cut distal to the ligature and measurements are made 


ligated proximall 
measured is is also 


on the backflow from this severed arterv. The amount of backflow i 
if the blood. This method of study has yielded unportant information 


and has been used extensively by our associate, Richard Eckstein, and by Dr. Leighninger 


The electrocardiogram re sponds to addition and subtraction of 
In figure 1 the circumflex area of muscle had been made isehenu 
of blood 


the oxygen content « 
mall amounts of blown 


to ischemic myocardium 


by ligation of tl After the arterv had been ligated, there were IS rope 
per minute avail ond the ligature in A and 10S drops per minute available in B 
see figure | is b came from adjacent myocardium by way of intercoronal 


arterial communications. The difference between 38 drops and 108 drops, that is to say 
70 drops pet minute, makes i difference in the degree of 8-1 depression in the two tracings 
Those tracing ! ) significant because the muscle mass invol ed in each experiment 


is approximate! half of the left ventricle and, if the amount of ischemic muscle is 


less than this 
observed that, v these 3S and LOS drops are lost to the ischemic muscle b wllowing 
en 


eed to the air, severe 8-T depression occurs and is followed 


iller quantities of blood would be equally significant It can also be 


the cut arter 
tricular fibnl evidence such as this indy that quantities of blood measured in 
terms of a few cubic centimeters or even drops per minute are significant when part of 
the muscle mass | most entirely without blood. It is necessary to understand this fact 
in order to ac yroader thesis of revascularization 
In general, ther » wavs in which the crippled coronary circulation can be helped 
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the more important of the two, is to bring about a more even dis 


coronat arteries The 


One method, which 


tribution of the blood which enters the heart through the diseased 
vast majority of victimes of coronary artery disease possess an adequate amount of blow 
entering the heart from the aorta but the distribution of this blood to various parts of the 
mvocardium is at fault. If this blood could be distributed more eve niv so that all parts of 


the myocardium received oxygenated blood, the coordinated mechanism would be less 


likely to be broken and replaced by ventricular fibrillation 


Connections between one coronary artery and another can he developed readily by 
surgical operation. Dr. Leighninger has shown that sham operations on the heart ean 


“ets of 


produce sutheient intereoronary channels to protect the heart against the eff 


tion of a mayor artery 
It is probably correct to say that the electrical potential in various areas ol the heart 
If part 


muscle unmiorm i the degree of oxygenation is uniorm throughout the muscle 
well oxygen ited, 


of the heart muscle is anoxic as compared with other parts which are 
differences in potential develop. These result in impulses or currents which overcome 
those from the A-V node. We have shown repeatedly by experiment that severe anoxu 
in the dog stop. the beat in asystole and not fibrillation We have also shown repeatedly 


that a small area of anoxia in a heart which is elsewhere well oxygenated tavors ven 


tricular fibrillation. It is these trigger areas which kill so many people. The 
ind the heart 


can be de- 
activated by small quantities of blood from adjacent areas of myocardium 


beat can be maintamed 
The second method for arming a crippled eoronary cireulation bs by the addition of 


blood from outside sources We have tried various possibilities to get this outside blood 


and deliver it to the heart Various tissues have been grafted upon the heart, including 
omentum, internal mammary arteries, and pericardial fat Subsequent to this expernmental! 


work. O'Shaughnessy used omentum and Vineberg used internal mammat urtery for 


We added blood to the heart by delivéring it through the venous system. In 


this purpose 
less eflective 


general it can he stated] that the addition of blood from outside sources is 


than is an even distribution of blood which goes through the diseased coronary arteries 


There are other perhaps less effective possibilities of improving the coronary circulation 


occlusion has occurred, One of these consists in producing partial ocelusion 


alter coronary 
t with the 


This procedure brings reduced venous blood into conta 


of the coronary simu 
silable even though it is in small amount 


anoxie muscle cell so that additional oxygen ts a 


Occlusion of the sinus ilser produces intercoronary arterial communications 


At the present tin there is little possibility of success in performing plastic operstions 


on the diseased coronal irteries. such as endarterectom resection of occluded segments 


of artery with re place ment b i gralt and anastomosis between a system irter umd a 
lusion. If the heart could bn placed at rest so that the 


eoronmary artery distal to an oes 
a period of time, then such procedures might be 


eireulation could interrupted for 


developed with same degree of success In a small number of specimens | which blood 


was cirected trom the aorta into the coronary sinus, anastomoses were pre sent between 
coronary veins and coronary arteries without the interposition of a capillary bed These 


communications could wllow direct exchange of from to artenes or trom 


arteries to vem wt we cannot make a statement concerning the function of these 

com 
Our primary interest in this development concerns the principles b 

supply to the heart can bl impre ed. These principles have been established in ou 

yocedure to 


tory. At the present time the precise steps in any operative | 
whicl 


circulation are of secondary interest. We now have the methods 


ri. 
an tbe used to 
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measure the benefit of any surgical procedure designed to change and to improve the cu 
culation to the heart. New ideas should be tested on dogs before they are applied to human 
patients. We believe that the surgeon is obligated to do this before he applies it to the 
patient. After the various surgical possibilities have been t sted and measured, it will be 
readily possible to select the most heneficial ones and incorporate them into the most 
desirable type of operation for patients. Until these tests have been made, the various 
operations which have been evolved so far are stepping stones to the final goal. The two 
operations described in this paper are in this category 

In order to accept the positive benefits pro ided by surgical operation for the treatment 
of coronary arte disease, it is necessary that we also understand the limitations of 
surgical treatment. Surgical operation will not stop the oeclusive process in the arteries 
therefore, it will not cure the disease. It should be understood also that, alter the patient 
goes through an operation for this condition, he may get another occlusion any time 
thereafter. This additional occlusion should not be related to the operation It is one of the 
hazards of coronary artery disease and may occur at any time It should be understood also 
that operation will not unde the damage in the myocardium, and it ts not rensonable to 
expect the operation to be helpful if extensive degeneration is present. [It is preferable not 
to operate on such patients 

In evaluating the results of the operation, the variable course of the disease should be 
taken into consideration. We advise waiting a period of four to spy months after the last 
occlusion has taken place before carrying out the operation. In this period of time nature 
has an opportunity to build whatever intercoronary channels may be set up by the last 
ocelusion. This period of time also gives opportunity for the circulation to become sta 
bilized as much as possible If the disease is rapidly progressive, we prefer to withhold 
operation, After this period of waiting, the disease in general can take one ol three different 
courses: (J) the patient may improve without operation; (2) the condition may became 
static: and (3) the disease may progress. If a patient in the first group is operated on, it 
will not be possible to differentiate the improvement which was produced by operation 
from that which would have developed naturally without operation If a patient im the 
second group is operated on, it will be possible to estimate the benefit from operation 
by comparison of the preoper itive condition with the postoperative condition. Ifa patient 
in the third group is operated on, it will not be possible to measure benefit from oper ition 
For illustration, the assumption can be made that operation helped the patient by fit 
undefined points, in which event the patient is clinieally improved Phe occlusive proces 


then progresses | i loss of sixty-five pointe Now the patient is worse than before opera 


tion. It is possible that this loss would have killed the patient! wiit not been for operation 


Theretore t is possible. on the basis of such a imoption, that a patient can mae off 
clinically after opet et the operation ed his lite 

Vanous proced s were tested by these two methods of stud These tests resulted 
in the development of two operations lor coronal artery disease. Operation No. I con 
sisted of abrasion o epicardium and lining of panetal perncardium, appleation of an 
ry. asbestos) to these surfaces, partial occlusion of the coronary 
sinus where it enters ri suniecle. gratting of panetal peri indium and mediastinal 
fut to the surt of the rt. This operation reduced mortality from 70 to 26.6 per cent 
table | This operation reduced the size ot 70) the 


sume test artet Ir neimens there wa ogre ‘ perience evel 


loge Whi ed ligation of thi ‘ ‘ ety he heart and 


usually the mfaret Was large 


AMERICAN TRUDEAU SOCIETY 


TABLE 1 
Me produced through the courtesy of the Journal of the American Medical Association, 194, 
166, 1226 
BECK | OPERATION 
SAVES LIFE AFTER A MAJOR CORONARY ARTERY IS TIED OFF. 
TEST ARTERY LIGATED—. 
DESCENDING RAMUS OF LEFT CORONARY ARTERY 


3O DOGS PROTECTED 
BY BECK! OPERATION 
Dead — 26.6% 


Living — 73.4% 


30 DOGS NOT PROTECTED 
BY OPERATION 


Dead 70% 


Living” 30 % 


SAVED BY OPERATION 
13 out of 30 — 
43.37% 


Operation No. 11 consisted in shunting arterial blood into the coronary sinus. This was 
accomplished by placing a free vein graft between the aorta and coronary sinus or by 
direct anastomosis between these structures. The second stage of this operation was done 
two or three weeks later and consisted in partial occlusion of the coronary sinus where it 
enters the right auricle. This partial occlusion raised the pressure of blood in the sinus 
and produced retrograde flow. This operation reduced mortality from 70 to 8.0 per cent, 
using the descending ramus of the left coronary artery as the test artery for ligation (table 
2) This operation reduced the size of the infarct by SO to 90 per cent, using the same 
test artery 

In studying the Mautz-Gregg backflow after operation, normal dogs were employed 
and the circumflex artery was used for backflow. The flows are expressed in cubic centi 
meters per minute. In 41 normal dogs the medium backflow was 2.8 and the range was 
0.4 and 21.0. Two large backflows made the average 3.8, but the figure 2.8 is more repre 
sentative than the average (luckstein) 

Operation No, I was performed and backflow studies were made from four weeks to 
nine months later. Dr. Leighninger found that the average backflow in 19 dogs was 8.9 and 
the range was | and 26 

Operation No. 11 was performed and backflow studies were made from one week to one 
vear later. The average backflow in 31 dogs was 13.7 and the range was 2.8 and 44. In the 
first four to six weeks after the second stage of this operation, the average backflow in 12 
dogs was greater by 4.5 ce. (with a range of 1 to 15 cc.) with the graft open as compared 
to the backflow with the graft clamped off. These additional 4.5 ec. of backflow came from 
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rABLE 2 
he Journal o 


156, W226 
BECK [1 OPERATION 


SAVES LIFE AFTER A MAJOR CORONARY ARTERY IS TIED OFF 
TEST ARTERY LIGATED —. 
DESCENDING RAMUS OP LEFT CORONARY ARTERY 


45 DOGS PROTECTED 
BY BECK [I] OPERATION 
Dead ff — 8.97 


Living’ 7) 91.1% 


45 DOGS NOT PROTECTED 
BY OPERATION 


Dead 70 % 


Living” 2 — 30 % 


SAVED BY OPERATION 


Z7 out of 
60 


the wraft (hickstein and Leighninger \fter this period of six weeks, the backflow came 
from intercorona hannels and none of it came trom graft. This statement applies to 
dogs. It cannot be stated whether it appli oto the human 

Operation No. iwereased backflow by 6.1 28) and Operation No. in 


reased backflow b 28). These figures nust be regarded as adequate 


<plain the results of infarct tests. New anes 


‘ 
juantities of blood 

n from these tests. One is that each of these operations protect 

me sometime belore the test artes livuted 

ets the of the follow 


mensure the exastence of protection and 


heme aren 


— 
O13 
he produced through the courtesy of he American Medica lesocration, 
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ing major coronary artery ligation. These test; II 
the ane noontrovertitie 
Phe signifiesnes tnall quantities of blood to an 
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one of the fundamentals in this work. This subject has escaped the attention of clinicians 


ind physiologists although we have repeatedly discussed it in the reports on our work 
It ix readil possible to produce an ischemic area of myocardium b surgical ligation of 
peripheral artenes, and this ischemic area acquires the property of sending out impulses 
ver the myocardium which replace the coordinated mechanism with fibrillation. \ small 
rmeunt of blood to this area reduces this danger, whereas additional anoxia adds to this 
In the early period of this work we were not able to m 
wtivated or deactivated a trigger area of myocardium 


that crops oll or 2 per 


danger ike measurements in terms 


of drops or cubie centimeters which 
produced ty urgical operation, but we concluded b 
minute could be effective. Now we have wtual measurements, as indicated in figure | 


The conclusion is held, therefore. that drops of blo 
clusion tmiakes the difference between 


“1 added to or taken awa Irom an 


of already made ischemic by arterial o« 


life and death, The experiments by Eckstein, shown in table 3, point to the 


same conclusion 
of blood per minute added to the circumflex area of 
ifter circumflex artery ligation from 70 pet 


this additional blood. At the 


In these « ‘periments, 
cardium reduced mortality within one hour 


cent in the normal to 0 per cent in the hearts protected b 
crits ola coronary artery occlusion. the vietim esp rately needs this blood. A few cuba 


centimeters one way or the other can determine the result. whether it be life or death 


\iter the circumflex artery was ligated, approximate 


flowed from the artery after it was cut distal to the ligature 
onoeclided corona irtenies ty 


28 cc. of blood per thinute 


The smallest flow w is 04 


ec. and the greatest was 21.0 c¢. This blood came from n 


PABLI 


of Surgery, January, 1055, 70. 143 


ed through the courtesy of the AMA. Archive 


TRIGGER MECHANISM KILLS A LARGE SEGMENT 
OF POPULATION. 
IT [8S ACTIVATED BY ANOXIA. Measurements (Eckstein) 
CIRCUMPLEX ARTERY LIGATION — death in | hour 


20 NORMAL DOGS | 
dead 14.707, tell tall tell tell oll 


CIRCUMFLEX ARTERY LIGATION — death in 1 hour 
RED BLOOD DELIVERED TO CORONARY SINUS AT PRESSURE 
OF 5Omm.Mg. INCREASES BACKFLOW BY 4cc. PER MINUTE 
FROM 28cc. NORMAL TO 68cc. AVERAGE IN 14 DOGS 

Dead 0% A” 


Living 20° 100”, : 
CIRCUMFLEX LIGATION — IS 50% LEFT VENTRICLE 
DEACTIVATED BY 4cc. BLOOD PER MINUTE 
SMALLER ISCHEMIC AREAS ARE 
DEACTIVATED BY DROPS OR | OR 2cc 


ISCHEMIC AREA - 


BLOOD PER MINUTE. 


tar 
| 
a: 
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intercoronary communications. The variations in flow indicate variations in the 


wav of 
irtenes Approximate! one of 10 dogs survives 


inatomical arrangement of intercoronal 
ligation of the ire \ artery \ppre one oft 10 lows has high backflow 


According to the tuclies a Loll ind’ Schlessinger 
irterial channels and 91 per cent do not possess them 


Y per cent ol normal 


hearts possess inter Phere 
hannels iw protected against the etlect» 


ean be no doubt that mn heart with these « 


of major artery oeclusion as is the dog 

Intercoronary arterial channels are an important mechanism of protection Phey may 
i naturall They develop alter at ial occlusion provided the dog or the humus 
In the dog the euwin to develop within a it ‘ ifter oeclusion 
Inflammation on the h Ino produces them and for man been Using 


yurpose. ding to some investigators, ane ad anemun 


inflammatory agents 
produce them. We at inv other factor that can produce them, but \Inutz 
relatronstip te thy prod wt of 


has suggested the possibil fa 
\nother mechan benefit ws tas upon the possibilities of viding blood to the 
heart from sources ittempt to do thi ral possibilities have 
heen tested. Ohne f 
uppl to expectation that blood 
WOUK! deve rt. | i Was Used expert 
mentally, internal mammary arters 
howell, stommect! difficult to state how successful these 


When tested by the corona ligation 


cedures protected the wainst the effects of test arte! ligmtion 


intaret test ' yralting pre 
but the protection 


could have come trom intercoromar irterial communications establi the 
grafting operation. Wel shown th ) re and handling of the heart hooper 
tion) produce intercoromal hannels. The pr ce of these channels could | produced 

ratt In 


thout additional blood comung tn 


the result ol our test ‘ 
between heart and g it either 


sere 


thicker tl ool. In these specimen 


We have 


direction 
present we! larve enotug! truneste 
ororortoon of the 


| 
1 
evidence of the existence ot <uch vessels was not found However, the po | 
tect } t evarded as failure. It may be possible t the } 
heart from t ies grafted it inface, and it our that such ¢ 
has taken pines ! i the expernunent tise i i itient ‘ ‘ 
| rrafts to the heurt that the pedicle be alternate 
‘ il dicle era ‘ 
ff and opened It should be possible to differentiate the backflow fron mite enit | 
from the backfl mi graft 
ding the heart ol the el ter | 
Operation No. fl terin liverte to the eoroms is, 
fl the aorta tl ve it to the coronn nus at t= ‘ | 
th through the ine it severed ‘ 
enous blood. i out e blood ter 
1) t the nt the en t} ke ‘ ‘ ‘ |. 
i 
kel o y | 
iret etrog fi we the ree ‘ 1} } 
t W het! the onl tre the te tare fy 
t! t ‘ the not be stated at the exent ft ‘ i 
te rel late tes the ‘ 
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after a major artery is ligated. Thus, Dr. keckstein has shown that partial ligation of the 
coronary sinus reduced the mortality following unmediate eire umflex artery ligation from 
70 per cent in the normal dog to 30 per cent in those dogs in whi h the sinus is partially 
ligated. Partial or complete ligation of the coronary sinus increases hackflow from the 


circumflex artery. This blood has very little oxygen left in it but apparently it offers some 


protection to the heart after major artery oeclusion The protection is due to a small 


smount of additional oxygen which is absorbed from the blood. This reduced blood comes 
from other coronary arteries atid, according to Gregg, makes a second transit through a 
capillary bed 

Juckflow studies five weeks following complete or partial occlusion ot the coronary sinus 
have been carried out in recovery experiments by Dr. Leighninger Following complete 
ligation of the coronary sinus the average backflow was 12.3 cc. per minute Following 
partial sinus ligation (2 mm, opening), the average backflow was 4.4 ec. per minute 
The backflow blood was arterial. It eame from other coronary artenes by way of inter 
coronary communications which resulted from the sinus ligation 

We should like to point out that these mechanisms of benefit constitute a fruitful field 
for further study and development. These two tests are a tilable for measuring benefit 
The tests are the coronary artery -ligation-mortality-infaret test and the \lautz- Cregg 
huckflow text. These tests should be applied to test the merit of inflammatory agents, 
yrafts, et cetera. The most effective inflammatory agent is probably yet to be found, and 
it may be posable to myeet it inte the pericardium through an aspirating needle without 
operation. The most effective graft is vet to he found. The effeet of the innervation of the 
heart must be measured satistactorl After all the surgical possibilities have been tested 
the most effective ones can be selected and incorporated into the most effective operation 
for coronary artery disease. Our interest is centered in the tests and not so much in placing 
i label on an operation for coronary artery disease 

In one set of experiments the Beek Operation No. 1 was done. Some time thereafter the 
descending coronary artery was ligated and three weeks to four months later backflow 
determinations were done on the cireumflex artery. The average in 4 dogs was 55 ec and 
the range was 47 ec. and 62 ce. In another series of experiments the Beck Operation No. 11 
was performed. Some time thereafter the graft hetween sinus and aorta and the cireumfles 
irtery were ligated simultaneously, and one month to six months later, bar kflow from the 
ireumflex artery in 7 dogs was SI ce. and the range was 44 ce. and LLO c¢ 

The Beck Operation No. 11 was performed. Some time thereafter the circumflex artery 
was ligated. Backflows from the circumflex artery were done one day to four months 
thereafter. On the first day it was IOS ce.; on the second day, it was 42 ce. on the third 
lav, it was OS es ind on the sixth day, 20 ce. The average in 24 dogs was 62 cee. and the 
range was ec. and ce 

Severn! conelusions are made from these observations. The first one is that the 6 to LO 
eo. of blood provided by operation reduced the incidence of death due to loss of mecha 
nism. The second conclusion is that this additional blood reduced the process of infaretion 
in the ischemic muscle. The amount of muscle destroyed after major artery occlusion was 
vreatly reduced, and in many specimens no gross infarct was found in the heart. The 
vmount of blood provided by operation was not sufficient to provide contractile power to 
the ischemic muscle but. in the course of one or several days after the oecluston, additvonal 
blood came into the ischemic area from the adjacent myocardium and contractile power 
was restored to the ischemic muscle. These backflows going up to 60 ec. per minute indi 
cate that there is an abundant supply of blood to the myocardium several days alter 
the artery has been tied off. The net result produced b operation is a heart with a 


coordpated rhvthm avd a goed circulation tl the 
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irdium after a major coronary artery has been tied off. Without this protective opera 


tion, ligation of this artery kills 9 of 10 normal dogs and one heart which survives always 


shows a large infarct 


In studies of the backflow following sham operations, a vein graft was plac ed between 


coronary sinus and aorta. After it was completed, the graft was tied off and no blood was 


allowed to flow trom aorta to sinus Phree weeks later the coronal Sintis Whe ¢ posed it 


operation and piece of silk Was placed sround the sinus. Instead of partially oce lucing 


the sinus, the silk was left untied. The operation Was comple ted. Four to five weeks later 


backflow determinations were made by Dr. Leighninger. The average backflow in 10 dogs 


was 6.8 ce. per minute. The conclusion is that these sham operations increased backflow 


by 4 ce. per minute (6.8 — 2.8). This amount of blood protects myocardium made ischemur 


by arterial oeclusion. The mechanism of protection is by imtercoronar irtenial com 


munications 


I-xperiments were carried out by Dr. Leighninger on the backflow after sympathectomy 


Backflow determinations were made immediately after bilateral intrathoracic sympathes 


tomy and also after an interval of several weeks between » mpathectom ind backflow 


determinations. There was no significant alteration from the normal! 


Coronary artery disease produces two types of death. One ws due to a break in mecha 


nism; the other is due to myocardial failure. These two types of death are different even 


though they are produced bv the same disease. The one ty pe ot death is due to inations 


in oxygenation of irious areas of myocardium 


For purposes of explanation, let us consider two t pes of expernment In one « ‘periment 


the intake of oxvgen into the lungs is shut off. The heart becomes uniformly and increas 


ingly evanoti \fter ewht minutes have elapsed this intensely and uniformly « 


heart gradually cilate ind stops heating It does not fibmllate It is electrical <table 


In the other experiment, approximately 90 percent of the myocardium is well oxygenated 


but an area of approximately LO per cent is made anox by ligation of its blood supply 


A strong beat is maintained up to the point of crists when suddenly and without warning 


the coordinated heart beat is lost. The mechanism is broken and the heart fibrillates 


These hearts are electrically unstable. A reverse “trigger” can be produced by making a 


pink irea ina genera! evanotic heart, and this heart also is an unstable heart. bx 


amples of this type of death are found in the man who shovels snow and in a few mo 


ments is dead, and in the man who goes to his offcee in the morning and by noon is dead 


There are several hundred thousand of these deaths in this country each vear. When you 


examine the heart in these victims you may not find severe manifestation of the disease 


Dr. Yater found that there was no infarct either old or recent in one-third of the pecimens 


in patients who died of coronar irtery disease. Moritz and Zameheck examined the 


specimens in 115 soldiers who dred suddenly from coronar irtery disease. There 


infaret in more than SO per cent of the spe mens. An infaret was found in only one of every 


five Specimens \ coronar irtery Was completel occluded in only one-half of the 


mens: and in the others there was no complete occlusion. It is obvious that the heart 


muscle is capable of continued function in the ist majority of these instances provided 


an anoxic focus could be given some additional oxygen before the mechanism was broken 


Surgical operation can do this pre ided the operation ts ipplied before the mechanism 


breaks 
Usually, extensive damage in the heart muscle is present in the patients who die from 


failure. This damage ma onsist of localized infarcts or it may be generalized in the 


myocardium. The oeclusive process is such that generalized anoxia occurs rather than 


localized anoxia. A functional set of intercoronary arteries aids in preventing a break in 


mechanism while occlusive process in the arteries progresses. Indeed these channels were 
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found to be present in every human specimen in which chrome and complete occlusion 
of a major coronary artery had taken place (Zoll, Wessler, and Schlessinger). In the 
specimens the inflow is reduced to such an extent that function cannot be earried on and, 
in order to preserve function, additional blood from sources outside the heart is necessary 
In the other type of death there usually is sufficient blood entering the heart but the dis 
tribution is at fault 

\ total of 186 patients have been operated on for coronary artery disease in our clinic 
Thirty seven of the operations were performed in the 1932-1942 period and 149 were 
performed from 1945 to June, 1954 The mortality figures for the three years 1951 through 
1953 in 10S patients were 2.8 per cent from thoracotomy alone, 7.5 per cent for Operation 
Vo. 7, and 26.1 per cent for Operation Vo. IT. So far in 1954, 28 patients were operated 
upon and the mortality from thoracotomy was one and from operation, one The one 
patient who died from the operation in 1954 had a “mechanism” death. The chest was 
almost completely closed when it oecurred The chest was opened and the heart was 
defibrillated” and a normal mechanism returned. Again the chest was closed and the 
heart fibrillated again. Again the chest was opened and the heart was “defibrillated.” 
The patient remained alive for two days but had brain damage. This is the only patient 
with coronary artery disease who fibrillated during operation in whom we were successful 
in “defibrillation.” In one patient operated upon in 1953, congestive failure occurred ten 
dave after the first stage of Operation No. IT. Shock supervened, no blood pressure « ould 
he obtained, so an emergency second-stage operation was performed, ¢ omplete cardia 
standstill occurred just as the chest incision was made, but within sixty seconds massage 
was started. The coronary sinus was ligated and eventually a regular sinus rhythm was 
established. The patient died suddenly two days lates 

The mortality has been reduced by experience. Selection of better rsk patients accounts 
for some of this reduction. However, there always will be mortality if patients with severe 
disease are accepted for operation, Lindgren’s mortality in SS patients who were acceptable 
for svmpatheetomy but in whom operation was not done was 17 per cent the first vear and 
13 per cent the second year, or a total of thirty per cent in two years. This may be re 
garded as “medical” mortality and it is due to the disease 

In an analysis of our experiences in the operating room, Helfrich and Hellerstein found 
that bundle branch block, characterized by widening of QRS which developed without 
manipulation of the heart, had serious signifieance. This was observed in 6 patients. In 
2, it appeared under anesthesia before the chest was opened, and the operation was not 
done. In 4 patient t appeared after the chest was opened, and these 4 patients ched on 
the operating table. These changes in the electrocardiogram can be produced by manipu 
lation of the heart and, when they oecur, we stop the operation and inflate the lungs 
until they cianppent 

We believe the most acceptable type of patient for operation is a lean person in the 
forte w fifties who has had the disease for a vear or more, who has pain hut ow still able 
te get around. A young person may have rapidly progressive disease We lost 5 patients 


in the thirties on the operating talble Recent! we operated upon i man of twentv-seven 


vears. He had severe disease and he may die any time in the future, but he was discharged 
without any pain. There is no age limit for the operation. Operation is not done within four 
te «ix months of an infaret, but we cannot always be certain of the time when an infarct 
oceurs. Patients in failure and patients in whom the heart is giving wa nd becoming 


large are not candidates for operation. We accept patients with moderate enlargement 
of the heart. We accept patients with status anginosus. Patients addicted to drugs ma 
ret the halut after operation 


According to Dr. Brofman operation should not be performed in patients with sw 
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int left ventricular enlargement, with evidence of congestive heart failure 


it sl ould not te 


marked hypertension o1 generalized vascular vl 
doubt af irter d We have consider 


but this we h 


there in 
advisability of giving the patient a test anesthetic prior to operation 
done. However. we believe that the patient should engage in some ph 

re 


ws walking a citv block, rather than total absence of p 


decided upon We accepted patients in status anginosus who were cely able 


across the room. Some of these patients went through the operation and obtames 


result 


It will be necessar the future to decw whether operation will 


group of patients The mortality in such a group will be ane this 


receptance of surgy | operation as therap for this cisense operntion 


yvreater good will be ‘ iplished by keeping 


recepted is theray we believe that the 


the mortality as lo The » 10 per cen 


restrictions will deny oper ae who could be benefited | 


\ recent questionnaire to patients ratedd on trom three months 


the | result in whuel rity equals no angina aft an 
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per cent. In 43 patients with Operation graft between aorta and coron 


there was no pain in 39.6 per cent, less in in 48.8 per cent, a total of SS.4 per 
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pletely relieved of pain. About the same proportion have returned to their former em- 
ployment 

Unless the patient has severe and progressive disease, the mortality should not be 
high. In carefully selected cases it could probably be held at approximately 5 per cent. 
If patients with severe disease are accepted for operation the mortality will rise to almost 
any figure because the medical mortality without operation in such patients is ex: essively 
high. It is to be determined by experience where the line should be drawn for acceptability 
for operation. After this work is more generally accepted, we probably will operate upon 
patients in the salvage group regardless of mortality, but this group will be given a sepa- 


rate statistical study 


Addendum 


Mortality figures up to April 1, 1955 are given in the following table 


MORTALITY 


Januar l to April 1, 1955 Potal Patients, 
Phoracotom 2 patients 
()perative and early postoperative } patient 
lotal 
From discharge up to 15 months (1 patient 
Late Mortalit Subsequent to Discharge All Cases, 1935 to Apnl 1054 
14) patients (from dt charge up to one year 9 deaths 
Sb patient from one year up to two years 1 deaths 
Potal 
Mortality in Patients Treated Surgically 
(iperative 
first 
During mera 
lotal 
Mortality in SS Comparable Patients Treated Medically (Lindgren*® 
During first ve 15 death 
During second year (11 deaths 


Fotal 
Conclusion: Surgical treatment saves lives 


* Lindgren, [.; Acta med. Seandinav. (supp. 243) 1950, 138, I 


CLINICAL EVALUATION OF THE BECK OPERATIONS FOR CORONARY DISEASE 
(Dr. Brofman 


The ultimate control of the coronary problem lies in prevention of the occlusive process 
in the coronary arteries. Until this can be accomplished by medical means, the patient 
with coronary disease must be given the benefit of any procedure which safely and ef 
fectively reduces the destruction of myocardium and the exorbitant mortality 

Dr. Beck and his associates have, over the vears, established the prim iples, developed 
the methods. and demonstrated the benefit of the surgical approach to coronary disease 
Operation is concerned with alleviating areas of myo irdial ischemia responsible for pain 
and preventing dry areas which result in “mechanism” death 

To better understand what operation can do, we must understand what it cannot do 


It cannot stop the degenerative and occlusive disease in the coronary artenes It cannot 


repair or restore dead muscle. In a patient with extensive degeneration of heart muscle, 


Pear Cent 
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little rccomplished except sone relief of areas of ischemia responsible for pain 

Since operation innoet prevent progression of coronary disease, the beneficial effects of 

operatiot risa overcome or modified by overwhelming oeclusion 
Operation wieated in patients with coronary disease who still have enough 


mvocardium maintain the dynamic integrity of the heart pump. Obvious! 


heart cil ‘ md congestive taiure supervenes little or nothing can wcomplished 


b operate oronmar irter im tstinil ressi\e and malhwnant ame ike 


other malignancies, the best results with operation are obtained early in the course of 
the disease 
\s was the experience with operation for muti il stenosis, decrease in mortalit ind 
continued tmprovement in results have depended upon proper selection of patients and 
the developn of medical and surgical techniques. The acceptance of operation for 
coronary disease has depended upon: the proof of the effectiveness of operation (results) 
and the relative safety of the procedure operative mort alit indl morbidity These must 
he balanced against the relative ineffectiveness of medical measures and against the 
dangers and disability inherent in coronary disease. Patients with coronary disease are 
considered poor risks f iny type of surgery, but the achievement of a low operative 
mortality has meant that the benefits of operation can be extended to patients with 
lesser as well as to those with greater degrees of coronary disease 
The following classification may be applied to patients with coronary disease who are 
being considered for operation 
1. Prop 
(on mild angina 
Small unfarct without angina 
2. Ther ipeuty 
\loderate to severe angina progressive 
Infarct followed by angina 


Repeated coronary failure, with or without hCG changes 


pecific contraindication 
1 patients oper ited upon fall in the ther up uti group 
whize certain absolute contr Lindications as follows 


severe pain) within four to six monthe 


lar enlargement 


llation tine 
impaired 
hopnesn 


ibove s 


widietion 
re generaiuzed im ular cise im 
inv condition which in itself would limit life expectans 


6. Doubt as to diagnosis 


3. Salvage 
\lassive infarct 
Status anginosus 
Presence of 
The eat miajyorit 
We ha ome to re 
|. Recent infact very 
2. Significant left ventric 
3. kividence of congestive ta ‘ 
a enous pressure. ci elevated 
h ta ipacit seve 
edema, dyspnen, ort 
4. Marked hypertension 110 diastolic in mm. of mereur 
5 C'oexpstent disease 
“a 
4. severe diabetes 
c. psvehiat lisense 
d 
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Naturally, the ideal case for operation is a patient with coronar disease without other 
couple sitions. The Beck operation is not indicated as an attempt to combat irdial 
failure such as that produced by rheumatic valvular disease In the case of mitral or aorty 
nv ch definitive valvular repair cannot be secomplished coronary surgery 
has little to offer na number of older patients with mitral stenosis md angina 
pectoris, in whom inspection at operation revealed coronary disease, a combined mitral 
commissurotomy and Beck Operation No. I has been successfully performed 

Advanced age. per se, is not a specific contraindication, although patients more than 
aixt ears old do not tolerate operation as well. Mian patients lews than fortv have been 
oper ited upon. A “bad” famul history of coronary disease is considered a particularly 
valid indieation for operation ina young man who has had an infarct ind has subsequently 
been tye 

In evaluating the candidate for surgery, the internist must first determine the presence 
and severity of coronary disease in the patient. Most frequently this depends primarily 
on the patient's histor Physical examination is usually noncontributory except in re 
vealing contramedieation to operation evidence reviews 
eardial infaretion aids im confirming the diagnosis of coronary disease. In many instances 
the eleetrocardiogram is completely normal or shows characteristic changes only after 
exercise. Frequently at operation a myor irdial sear is found even though the electro 
eardiogram never showed evidence of coronary disease In a patient with a good history 
of coronary tnsuffreren the absence of any objective evidence of coronary clisense in no 
wav interferes with the indieations for operation 
regarding operability are made by the internist, com 

| 


pletel itnele ta milent of the surgeon Ideall 1 committee of cardiologists should evaluate 


each patient. Such a group was est iblished by Dr. Harold Feil at University Hospitals 
in Cleveland. At Mount Sinai Hospital, evaluation is ordinarily performed b 
Dr. Mortimer Siegel, Chief of the Division of Medicine, the Resident in Medicine, and 
myself 

The cardiologist must be prepared to assist in carrying the patient through surgery 
and the postoperative period, Prior to surgery, all patients are completely digitalized even 
though there is no evidence of congestive failure or arrythmia. Despite certain theoretical 
objections, dig has definitely decreased the irritability of the myocardium and, to a 
marked degree s reduced the alarming arrvthmias and other cardiac complieations of 
coronary surgery 

During surgery the anesthetist and cardiologist must work as a team. Continuous eles 
is that obtained with the operating room cardtoscope 
the 


trocardiographic observation suct 
Cambrulge eonsilered essential in early detection of mvocardial ischemin and 
various arrvthmias. Rest periods, ade yjuate lung inflation, and judicious use of atropine 
pronestyl, and other agents are advised where indicated 

The immediate postoperative course is usually remarkably uneventful. Early ambula 


tion is encouraged. In many cases there i dramatic improvement, as ¢ ideneed by im 


mediate relief from angina. Frequent! the patient is discharged by the twelfth post 
operative day. Generally, impre ement is gradual and progressive over a period of months 
Pevehologically, there is concomitant optimism and a sense of well-being which replaces 
a previously negative attitude in patients who had been more or less incapacitated and 
in fear of sudden death. Rehabilitation and early return to economic productivity ts 


the rule 
Since July 1952, 46 patients have been operated upon for coronary disease at \Iount 


Sinai Hospital of Cleveland, Six others, who were being considered for operation, cred of 
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rABLE 1 
iN Coronary OPERATION 


Prophylactic and Therapeut 


Beck operation No. Il 
tech operation No. 


rdial infarction before being operated upon. OF the 46 operated upon, there 

{ who were so seriously ill that death appeared imminent. These 4 were placed in a 
ve group and were operated upon despite the objections of at least one member of 
the evaluating group. Two of these 4 died in the operating table at the start of the pro 
cedure. Such severely ill patients are no longer considered acceptable tor operation since 
they do not tolerate even the anesthesia 

Of the 42 patients considered acceptable for operation, 14 had the Beck Operation 
Vo. 17 and 20 had the Beck Operation No. 1 (table 1). There were no deaths on the operat 
ing table. There were three postoperative deaths in the Beck Operation No. 17 group and 
one in the ck Operation No. 1, giving a total mortality of four in 42 (5 per cent 
In the last 2S patients operated upon 24 of whom had the Beck Operation No / the 
mortait h been zero 

There are 32 patients w e now gone more than four months since operation 


the time of operation, the re range in this group was thort tor Sixty cone ent 


patients were less than fort IS were between forty and forty-nine; 7, between fit 


fiftv-nine: and on is more than sixt ears of age 
The duration of symptoms of coronary cise ranwed from four months to thirteen 
rs: 4 patients bad mptomes tor less than ear: 9. from one to two vear > from 
Strom tive to ten one, more 


pre el tn infaretion 


ati ut i! i! 
patient ‘ ing the patient 


month ifter 
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SC“ O23 
Numls 
\ talit 
Patient 
“5 
Nlortalit ist 28 patient 
Died betore operation 
{ 
} 
than ten vears. All but 6 of the $2 had at least one clinical) 
amel 7 hal twos more mitaretiot cn hac Prior to IS of the 42 
were not working ata Sol these were not ineapacitated tb heart clisense as as 
fear In 24 patients, the angina was classed as moderate to severe [wo patients averaged 
nitro erin tablet i «in 
ultsuniate inieal results in the Beek 
In some mstane int i ih severe i! : 
status may not have been evident until four to six EEE operation, at which time 
prowre ive ‘ ent tbewnt 
‘ of the patient wit! orona ‘heense, belore and alter operation 
citheult The elect tolerance tests thoet Trequernt ire ol 
little aid. Chur recent studs ith the ite ue as an 
objective test. Ultimate « ination, however, at present depends upon such subyeetive ¢ 
dence as the patient van. te work, and his sense of we being 
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sluation of the cardiac status of these 32 patients can be summarized as follows 


|. Excellent 10(31.3 per cent 
2. 2(37.5 per cent) 5 per cent improved 
Pau 7 per cent 


1. Unimproved 1(12.5 per cent) 


The category excellent means that the patient is able to perform full-time work with 
little or no pain 

Good means that the patient is able to perform full or part-time work with significant 
reduction m pam 

Fair means that the patient is able to perform more work than before operation with 
some diminution of pain 

Unimproved means that the patient is unable to work up to the present b.valuation in 
this group is complicated by such factors as narcoti addiction, congestive failure, and 
psy 

Statistically, probably the most significant observation is that there have been no 
deaths in this group as of Oetober 1, 1954 There have been four instances of the develop 
ment of symptoms of acute myocardial infarction, In each case, there was rapid clini al 
recovery without residual electrocardiographic changes. Of the 24 patients with moderate 
to severe angina, SO per cent have shown a marked diminution or complete relief from pain 

In conclusion: In patients with coronary artery disease, operation prov ides protection 
for the myocardium and relieves areas of 1 hemia responsible for pain In properly selec ted 
patients, the operative and immediate postoperative mortality is less than 10 per cent. 
A much lower mortality rate probably cannot be a hieved in view of the inherent mortality 
of the disease itself in the type of patient who presents himself for surgery, as demon 
strated by the six deaths in patients awaiting surgery 

Operation should be performed before there is extensive miuse le destruction as a result 
of coronary disease 

Long-term evaluation of 32 patients reveals an excellent or good result in 69 per cent 
with some degree of improvement in 87.5 per cent. As of October 1, 1954, there have 
been no deaths following the immediate postoperative period 

It is concluded that the clinical improvement and protection afforded by operation 


associated with a low operative mortality justify the application of coronary surgery to 


properly selected patients with coronary disease 


Addendum 
Among the last 44 patients operated upon, there was only one de ith (twenty-four hours 
ifter operation). The death was due to complete occlusion of the mght coronary artery ina 
salvage case."’ The over-all operative mortality for the Beck Operation No I ia now 4.0 
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NOTICES 
rHIRD ANNUAL SYMPOSIUM ON ANTIBIOTICS 


The Third Annual Symposium on Antibiotics, sponsored by the Food and Drug Admin 
istration, Division of Antibiotics of the U. 8. Department of Health, Education, and 
Welfare, with the journals, Antibiotics and Chemotherapy and Antibiotic Medicine, will be 
held on November 2, 3, and 4, 1955, in the auditorium of the Department, 4th Street 
and Independence Avenue, 8.W., Washington, 1). 

Certain innovations will be included in both the program and the structure of this 
Symposium, some of them suggested by those who attended last year’s symposium. So 
that contributors to the 1955 symposium will have ample time for preparation, the follow 
ing outline is presented for your information 

Date of Symposium: November 2, 3, and 4 (Wednesday, Thursday, and Friday) 


Submission of Abstracts: An abstract in triplicate of no more than 200 words must be 


submitted no later than September 21, 1955 
Submission of Vanu cripts The original manuscript and one copy must be submitted 


by October 3, 1955. Please note that this is a departure from requirements of the previous 
symposiums. It will accomplish two objectives: (a) it will allow the program committee 
to make a better choice of material for presentation, and (4) it will allow earlier publication 
of the Antibiotics Annual 1955-56. Upon receipt of the manuscripts the committee will 
divide them into three categories: (/) those for presentation and publication; (2) those 
which will appear on the program by title and will be published but not presented; and (3 
those which will appear by title on the program and only the abstracts published in the 
Annual 

Manuscripts must be new, previously unpublished material. They must be typewritten 
double-space, and only on one side of 8!” x 11” paper. No more than six Ulustrations 
should accompany each manuscript. Glossy photographs, no larger than S!9o” x ILL", of 
all illustrations should accompany the copies of the manuscript. Prints should be suf 
ficiently clear to permit the making the engraver’s cuts without retouching and to allow 
reduction to approximately one-third size. Bibliographies should conform to the style of 
the Quarterly Cumulative Index Medicus published by the American Medical Association 
should be used throughout the manuseript except that the first 


Generic names of drugs 


time the drug is mentioned the trade name may be referred to in a footnote, Please 


manuscripts to 


Dr. Henry Welch, Director 

Division of Antibiotics 

Food and Drug Administration 

U.S. Department of Health, Education, and Welfare 


Washington 25, 1). ¢ 
All manuscripts will be published in English in book form under the title, Antitnotics 
Annual 1955-46, bv Medical kneve East Street. New Yo 
In addition to contributed papers ral © tanding investigators and clinu 
be invites yspeak on time wi opies related to theu respective 
prior to participation in s il panel ciseussion Additional communications 
pre-registration card i « issued from time to time 


Antilnotu innual 195; 155 i read or distribution as of March 7 
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NOTICES 


BEHAVION OF PULMONARY LESIONS” AVAILABLI 


The Behavior of Pulmonary Tuberculous Lesions: A Pathological Study by | \I. Mecdlar 
which wa patel heal a supplement to the March. 1955. issue of the Review, now 
in paper covered and cloth-bound copies. This supplement contains 244 pages 
forty two color ate 
Cloth cope uve $2. 50 each and paper-covered copies are $1.50 each. Orders are 
to be directed to the Amenican Review or AND PULMONARY 
1700 Broadwa ” 19. New York 


FOURTH COMMONWERALTH HEALTH AND CONFERENCH 
JUNE 21-25, 1955 
main sessions of the Fourth Commonwealtl 
ame mierem will by wm follow The Preventive Outlook 
Child Hyg Infection Puberctulosis \ Problem Different 
\Ilatter ind “Tuberculin ‘heir Meaning 
pretation Chowe of Drugs in Medical and Surgi 
The Pave ‘ of the Patient and Relatives as a I 
The Duehe of Kent. President of the Nationa 
Tuhereuloss ‘ ittem! the Conference at the Ro 


welcome to the 


ifternoon of Wen June 22, and give a messag 
The Conferences opened on Tuesday morning, June 21 
Macleal MEP Ith, The Rt. Hon. Alan Lennox 
State w the Col Hlon, Viscount Swinton, Seecre 
Commonwealth R y 1 Iso attend the Conference and add 
Conference nelude Dr. Johannes Holo, of the 
tions, Dt juny of India; Prof. Etienne Bernard 
branes | Vie Dermott. James Perkin ud HG. Trim 
States tows and Kineade and Mr. bk. D. Beauchamp 
Arvid Wallgret f Sweden: Dr. F.C. Alexis, of Grenada; Dr. T. Fo An 
Sister Mary Aquinas, M.D), of Hong Kong; Dr. M. G. Constantinides 
R. J. Grove White, of Singapore, Dr. Ker \ustralia: Dh 
bast Afrien: Dr. Beric Wright, of North Borneo offrey Marshall 
Dr. Honor Smith: and Meo Jd. LL. Martin, Architect to the London Coun 
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Working together...for best results 


| SUALLY. it takes teamwork to produce It's not surprising, then, that Kodak Blue 
the best results experienced people, Brand X-ray Film and Kodak x-ray chemi 
skilled handling of equipment cals are so often specified; they are prod 

lo the radiologist, and the technician ucts made to work together, made to 
working with him, materials, equipment produce uniform, dependable radiographs 


and proc edures are of critical invevery situation 


kor superior radwgraphu re sults follou this semple rule 


Dee Kedel Process i 
Blue Brand Kodak Chemicals 


X ray Film OR POR DER) 


Order from your x-ray dealer 


EASTMAN KODAK COMPANY, Medical Division, Rochester 4, N.Y. 


7 

A 


THE AMERICAN REVIEW OF TUBERCULOSIS AND PULMONARY DISEASES 


Sensitivity Testing 
of 
TUBERCLE BACILLI 


BACTO-SENSITIVITY DISKS 
Sensrriveries to the commonly employed therapeutic agents are accurately 
and readil determined sing Bacto-Sensitvity Disks containing three con- 
centrations of Dihvdrostreptomycin, Streptomycin, Viomycin, PAS (p-Amino 
Salicylic Acid) and INH (lsonicotinic Acid Hydrazide). Concentrated specimen 
or pure cultures are evenly streaked on Bacto-Peizer 1B Medium and Sensitivity 
Disks applied. Zones of inhibition of growth following incubation indicate if an 
organism is sensitive, moderately sensitive or resistant to the various chemo- 


therapeutic avents 


Peizer 1B Medium recommended for sensitivity test procedures is casily and 
readily prepared from Bacto-Peizer TB Medium Base and Bacto-Peizer TB 
Medium Enrichment (Peizer and Schecter: Am ] Clin. Path., 20:682:1 ‘) 

This is a selective medium suitable for primary culture and simultaneous 


sensitivity determinations of tubercle bacalh from concentrated specimen, 


PO-SENSITIVITY TEST MEDIA 


Bacto-ATS Medium and Bacto-Lowenstein Medium are available in screw 
capped tubes ith added chemotherapeutic agents. The AIS Medium is 


prepared according to the formula specified by the American Trudeau Society; 


the Lowenstein Medium according to the Jensen modification. These media 
are processed under carefully controlled conditions to give rapid opumal 
growth of the tubercle bacilli 


Bacto-ATS Sensitivity Media and Bacto-Lowenstein Sensitivity Media are 


supplied in sets of 12 tubes consisting of tubes of control medium without 


ther ipeutlic agent ind one tube each of the following 
Streptou yvoin lO meg. mil INH meg. mil 
Streptomycin 100 meg. mi Streptomycin 10 meg. and PAS 100 meg. ‘ml. 
Viomyein 10 mee. mil Streptomycin 100 meg. and PAS 100 meg. mi. 
Viomvein 100 meg. mil Streptomycin 10 mee. and INH 1 mee. mil 


INH | mee. mil Streptomycin 100 meg. and INH mee. mil 


The above media are also supplied in packages of 12 tubes of any one medir 
In addition for more detailed determinations ATS Sensitivit Media 
Lowenstein Sensiuvits Media containing Streptomycm 250) mee Viom 


mee... and INE 0.2 mee. are available in packages of 12 tubes 


1 bhyerse media are supplied in incubator packages which permut preferred 


honzontal incubation 


Bulletin No. 141 describing Sensitivity Testing 
of Vubercle Bacilli is available upon request. 


DIFCO LABORATORIES 


DETROIT 1, MICHIGAN 
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impressive about DIONOSIL is the fine way it 
does its job: then gets out fast 


Lung fields become radiologically clear a few days after 
a Dionosil bronchogram. In that brief span the radiopaque 
is completely absorbed into the blood stream 


and excreted in the urine. No free iodine is liberated in the 


process; there is no risk of iodism. It is easily administered 
by instillation or intubation. Bronchi are outlined rather than 
solidly filled, the shadows persisting for at least thirty 
minutes allowing ample time for examination. 


All of which is why Dionosil is rapidly becoming the 
bronchographic medium of choice among radiologists who 


have used or have seen it used. 


DIONOSIL 


new and superior contrast medium 


for bronchography 


Available in two forms: DIONOSIL, an aqueous suspension 
(iodine content about 30%) and DIONOSIL OILY, a sus- 
pension in arachis oil (iodine content about 34%) of propyl- 
1odone* a product of Glaxo Laboratories, Ltd., British pharma- 
ceutical house of world repute 

“n-propyl ester of diiodo-4-pyridone-N-acetic acid 


ASK FOR BROCHURE “Bronchography 
with Dionosil methods for instillation 
and intubation—patient posturing, radio 
graphic technic, etc. Profusely illustrated 
with plates and diagrams. Available from 
your local Picker office or write us at 
25 South Broadway, White Plains, N. Y 


oil; left side with Dionosil 
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Unequalled 


high diagnostic 
quality films 


at lower cost 


FAIRCHILD SUPER-SPEED 


PHOTOFLUOROGRAPHIC 
CAMERA 


The new Fairchild-Odelea Model X-70S Super 
Speed camera produces phototluorographi 
negatives of unequalled diagnostic quality with 
4 the exposure time required by present cam 
eras. Kead these features 

@ SHORTER EXPOSURE TIME 

High working aperture of £[/0.8 produces re 
ults comparable to existing PF units with 


much lower tube current and short exposure 
ELIMINATES RETAKES 


INQUIRE OF YOUR X-RAY EQUIPMENT Model X-70S photofluoro rraphs prov ide diag 
SUPPLIER — First units of the Fairchild nostic information comparable to full size 
Odelca Model Photofivorograph 
Camera will be available for delivery radiographs. Efficient for both diagnostic and 
by neat fall For complete information, mass surveys applic ation Approxim stely three 
contact your local Arey equipment 
supplier of Fairchild Camera and in 


strument Corporation, Syosset, N. Y., 
Dept. 160.395 ® AUTOMATIC SAFETY DEVICES 


times increase in resolution on the negative 


The apparatus inte rlocks against « yposure un 
less 
—fAIRCHILD a. Film is transported after exposure 
b. Patient's card is in holder 
c. Record card is changed between expo 
sures 


d. Dark slide is removed from aperture 


@ FOOLPROOF IDENTIFICATION 
Data on patient's card is reproduced at 6.4:1 


ratio on lower edge of negative 
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Viable tubercle bacilli in dried sputum 
are killed in two minutes by a 1% 


solution of Amphyl. 


The anti-tubercle bacillus potential 
persists for a week or more on floor 
surfaces disinfected with a 4%% 
solution of Amphyl—thus destroying 


fresh contaminants on contact.- 


for tuberculosis hygiene 


Amphy! is widely applicable for varied disinfection 

needs. It is bactericidal and fungicidal as well as 
tuberculocidal. Bedside surfaces, floors, walls, dishes and 
utensils used by patients or in the laboratory, bathrooms, 
hands, thermometers, instruments, rubber or plastic 
goods—all can be efficiently and economically decontaminated 
with Amphyl. No unpleasant odor. Non-corrosive. 
Non-irritating. Highly concentrated requiring 


minimum storage space, 


nd 
Klarmann, BE. G.; Wright, B 


of the antibactersal 


AMPHYL 1S AVAILABLE 
THROUGH YOUR 
For samples and complete brochure SURGICAL 
with how-to-use chart, please SUPPLY DEALER 
write to: 


Lehn & Fink Ge 


PRODUCTS CORPORATION Oivision 


Dept. 11, 445 Park Ave.. New York 22, N.Y 


imphyl brand of alkyl and aryl phenol germicide 


” / in inte tubercu hygiene, Soay 
tential of disinfected 
surfaces, Applied Mu 1 (Jan 
| 
ld 
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When you specify the Pfizer) antibiotic 
of your choice Stress Fortified with 
the B-complex, C and K vitamins 


recommended by the National Research 


Council, be sure to write 
on your 


antibiotics N/ress 
with vitamins imelucde 


Te rramycin-SP 
Bra veline with vitamins 


CAPSULES 250 my 

Te 
etracvn-SkI 

of tetracycline rilamins 


CAPSULES 250 my 
ORAL SUSPENSION favored) 


The minimum daily dose of each antibiotic (] Gm. of 
Terramycin or Tetracyn, or Of IU units of penicillin 
Stress Portifies the patient with the stress vitamin formule 
recommended by the National Research Council 


LABORATORIES. Division. Chas. Pheer & Co.tnc.. Brooklyn 6. N.Y. 


a 
me 
J 
One coppule, 
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A NEW EDITION 


A Psychiatrist Looks at 
Tuberculosis 


by ERIC WITTKOWER, M.D. 


Associate Professor of Psychiatry, McGill University, 
Canada; Associate Psychiatrist, Royal Victoria Hospital 
and Montreal General Hospital, Canada, formerly Re- 
search Fellow with the National Association for the 
Prevention of Tuberculosis. 


When the first edition of Dr. Wittkower’s book appeared in 1949, THE 
AMERICAN REVIEW OF TUBERCULOSIS said (February 1950): “A 
practical guide for the psychological management of tuberculous patients is 
long overdue. Dr. Wittkower’s readable and compact book ... should meet 
this need . . .”’” The second edition, fully revised, includes a new chapter incor- 
porating work carried out recently in Canada. 


164 pages, clothbound 


Three dollars 


Present Concepts 
of Rehabilitation in 
Tuberculosis 


by NORMAN C. KIEFER, M.D. 


420 pages, cloth cover $3.50 


In this volume there is brought together, 
for the first time, an accurate summary of 
world research and achievement in every 
area of rehabilitation during the last decade. 

More than 1,000 origina! papers are ab- 
stracted in this book, and in every case the 
salient features of each have been brought 
together in classified sections to provide a 
complete picture of approaches, procedures, 
and results. 

A bibliography of more than 1,000 items 

jes reference to basic sources, and a 
particularly comprehensive index facilitates 
the location of specific information. 


Your order can be filled promptly. 
NATIONAL TUBERCULOSIS 


ASSOCIATION 
1790 Broadway, New York 19, N. Y. 


Tae New York Strate Department or 
Hears has an opening for a Public Health 
physician who has specialized in the diag- 
nosis and treatment of tuberculosis, includ- 
ing the interpretation of chest X-ray films. 


The entrance salary is $9,346, with five 
annual increments to $10,810. State service 
provides one month’s vacation, liberal sick 
leave, and participation in the state retire- 
ment plan. 


Qualifications include citizenship, posses- 
sion of, or eligibility for a New York State 
medical license, and four years of specialized 
tuberculosis experience. 

Duties may include consultative work 
with the staff of mental hygiene hospitals 
or local health departments in the develop- 
ment of tuberculosis control programs. 

Further information may be obtained from 
Mr. Richard H. Mattox, Director, Office of 
Personnel Administration, New York State 
Department of Health, State Office Build- 
ing, Albany 1, New York. 
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ordinary P.A.S. preparations 
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' made from Council Ac- epy. 


4, fresh, 


fewer tablets. 
17 Buffered PARASAL 
tablets 0.5 Gm. e 24 
Sodium P.A.S. 0.5 Gm. 


@ Effervescent PARASAL tablets, 21) Gm. (P.AS.). 

@ Buffered PARASAL-INH wy a PAS-INH combine- 
tion containing 0.5 Gm. P.A oe either 12.5 mg. or 
20 mg. ISONIAZID 

PARASAL SODIUM tablets, 0.69 (sod. P.AS.). 


Write for samples, literature, 
complete information 
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340 CANAL STREET, YORK 13, 
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Better tolerance, reports the tablets 
; 4 VA. “There seems to be Hence, Buffered PARASAL 
effective better patient tolerance of is more economical and 
q this preperation than any convenient 
: gastrointestinal ‘ ity and dependability bleed levels from 1 to, at 
bolo least, 6 hours.‘?* 
patients 
, A on restricted diets. 
(Sodium Free) TABLETS, 0.5 Gm. 
24 6.5 Gm. 
conn 20 28 10 Om. 
war 24 34 12 Gm. 
Reterences available at all pharmacies 
(1) Quarterly Prog. your prescription 
(2) Quarterly Prog. 
Report, Oct. "54 
Sele Conodion Dist:ibutors: 
Winley-Morris Co, 
6579 Somerled Ave., 
Mentreol 29, P.O. 


